A model formulation approach for system support engineering by Al-Saidi, M
0 
 
 
A Model Formulation Approach 
for System Support Engineering   
 
Mohammed Saif ALSaidi 
Bachelor of Manufacturing Engineering and Engineering Management with Hon 
 
A thesis presented for the Degree of Doctor of Philosophy 
 
 
 
RMIT University 
School of Aerospace, Mechanical and Manufacturing Engineering 
Melbourne, Australia 
2014 
 
 
1 
 
Declaration 
I, Mohammed Saif Mohammed ALSaidi, hereby declare that the PhD thesis entitled “A model 
Formulation Approach for System Support Engineering”: 
a) Except where due acknowledgement has been made the work is that of the candidate alone; 
b) The work has not been submitted previously, in whole or in part to qualify for any other 
academic award; 
c) The content of the thesis is the result of work which has been carried out since the official 
commencement date of the approved research program; 
d) Any editorial work, paid or unpaid, carried out by a third party is acknowledged; 
e) Ethics procedures and guidelines have been followed  
 
 
 
 
 
 
 
________________________                                                 _______________ 
Signature                                                                                     Date 
 
 
 
 
 
 
 
 
2 
 
Acknowledgement 
At the outset I wish to thank my primary research supervisor Prof. John P.T. Mo, Professor of 
Manufacturing and Materials Engineering in the School of Aerospace, Mechanical and 
Manufacturing Engineering for his bright guidance, encouragement and support all through. I am 
personally indebted to him for not only granting me the opportunity to undertake research in a 
difficult domain such as System Support Engineering also for grooming and nurturing me with 
greatest care and endurance. 
My heartfelt thanks are also due to my second research supervisor Associate Professor Cees Bil, 
The Program Leader Aerospace Design in the School of Aerospace, Mechanical and 
Manufacturing Engineering for his valuable advice from time to time.  
What is more, I would like to thank my mother whom I believe is the sweetest gift from God to 
me. There is no way I can ever really thank my mother for all she does for me. No language can 
express the power, beauty, bravery, and majesty of my mother's love.  
Never the less, my thanks extended to my lovely wife whom my heart beats so fast every time I 
see her lovely face. Sometimes, I forget to thank her because she makes my life so happy in so 
many ways. Sometimes I forget to tell her how much I really appreciate her binge an important 
of my life. This time I would like to thank her for her support and patience through my PhD 
journey. 
Finally, a giant thank you to my family and friends for supporting me. I sincerely thank you for 
being a part of my study trip and for the generous care you have given. With all my love, I thank 
you. There is nothing in this world that is worth achieving more than the love from family and 
friends. 
 
 
 
3 
 
Thesis Abstract 
Organizations today face intense competitive pressure to do things better, faster and cheaper. This 
pushes organizations to improve their performance over time, while meeting (or catching up with) 
increased customer demands and competitor pressure. Classical techniques in asset management 
involve performance monitoring, process control and fault diagnosis techniques that aim to 
determine the limit of the asset’s service life. Theoretically, replacements should be made at the 
time when the asset is about to fail so that the full service value of the replaced components can 
be utilized. However, this is not possible as modern machine systems are of increasing complexity 
and sophistication. Many other factors govern the operation of the asset. Decisions such as asset 
replacement, upgrade or system overhaul are in many respects equivalent to a major investment, 
which is risk sensitive. A high value engineering complex system is expected to be in service for 
years. Therefore, in order to meet functional demand by the end users, the capability and efficiency 
of the system should keep increasing. In general, the more complex the systems become, better 
solutions in both technical and management domains is required.  
Literature suggests that there is a need to develop a tool or a set of techniques that practitioners in 
the industry can apply to design support system for operating assets in order to maintain long term 
optimized performance and best return on investment. This tool should integrate industry domain 
knowledge to create and deliver a specific support solution for in-service assets, as the 
circumstance requires. At the moment, there is no generic framework or architecture available for 
practitioners to use. This leads to the following research question “Can industrial practitioners 
have generic architecture to simplify the development of such a system”? If the answer is 
yes; then how possible is it?” 
This research proposes a validated answer for this important question and discusses the 
development of the system support engineering (SSE) generic architecture as a fundamental 
structure for providing a systematic modelling approach that enables industrial practitioners to 
design, implement and measure a support system performance. The development of such a 
structure is the result of combining both literature analysis and empirical work. 
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As a result of the above activities, a conclusion is reached that the architecture consists of three 
elements (product, process and people) in a business environment structured in three levels 
(Execution, Management and Enterprise). This model is called multi-level 3PE model.  
The system support engineering approach aims to develop support systems that can sustain 
constant high performance. The essence of this approach is its ability to capture strategic planning 
and operation issues by: 
 Adapting a whole of systems approach to identify the support system’s requirements. 
 Providing a hierarchical structure of three management levels linking support system 
requirements in one level to requirements in other levels such that the system design can 
be traceable in the whole system. 
As a result, operational and commercial issues are integrated in a seamless fashion in the support 
system. 
Furthermore, the thesis presents a methodology which industrial practitioners can easily use to 
evaluate and calculate the performance of a support system. The methodology captures all system 
support factors in three basic elements, i.e. product process and people in a unified performance 
scoring process that can be analysed by simple mathematical equation to demonstrate the 
operational performance of the support system. 
As main contribution of this research, a generic architecture has been created with the following 
characteristics:  
 Clearly identified requirements.  
 An overview of the behaviour vector of the model and clearly drawn relations between 
elements.  
 Captures the strategic decisions, inventions and engineering trade‐offs.  
 All activities associated with various phases of the effort at the level of elements in the 
system breakdown structure.  
 Technical and commercial issues that are linkable from the maintenance and development 
(expansion) point of view.  
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1 Introduction  
1.1 Background of research 
Organizations today face intense competitive pressure to do things better, faster and cheaper. This 
pushes organizations to improve their performance over time, while meeting (or catching up with) 
increased customer demands and competitor pressure. Classical techniques in asset management 
involve performance monitoring, process control and fault diagnosis techniques that aim to 
determine the limit of the asset’s service life. Theoretically, replacements should be made at the 
time when the asset is about to fail so that the full service value of the replaced component can be 
utilized. However, this is not possible as modern machine systems are of increasing complexity 
and sophistication. Many other factors govern the operation of the asset. Decisions such as asset 
replacement, upgrade or system overhaul are in many respects equivalent to a major investment, 
which is risk sensitive. A high value engineering complex system is expected to be in service for 
years. Therefore, in order to meet functional demand by the end users, the capability and efficiency 
of the system should keep increasing. In general, the more complex the systems become, better 
solutions in both technical and management domains are required. 
Literature suggests that there is a need to develop a structure that practitioners in the industry can 
apply to help in support system design for operating assets that maintains long term optimized 
performance and achieves the best return on investments. This structure should integrate industry 
domain knowledge to create and deliver a specific support solution for in service assets, as the 
circumstance requires. This leads to the following research question “Can industrial practitioners 
have generic architecture to simplify the development of such a system”? If the answer is yes; then 
how possible is it? The development of such a structure combines both literature analysis and 
empirical work. 
This research discusses the development of the system support engineering (SSE) generic 
architecture as a fundamental structure for providing a systematic modelling approach that enables 
industrial practitioners to design, implement and measure a support system performance. 
The fundamental construct of SSE generic architecture consists of three elements (product, process 
and people) interacting within a business environment. The system support engineering approach 
aims to develop a model to sustain constant high performance. This model should capture strategic 
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planning and operation issues. This model will demonstrate the performance of three elements 
(product, process and people) and the communication between them within an environment. 
Valuable information for reliable performance measurement analysis can be introduced. This will 
also cover the details and information required to measure the performance through all levels 
within an organization. Through a systemic approach, the relationships, information exchange and 
future upgrades and integrations will be organized via this model. 
The thesis presents the finding from the literature review, industrial visits and case studies 
conducted during the research. A possible answer to the research question is concluded that a 
generic architecture for system support engineering” is possible and the possible structure is 
determined. As a result of the above activities, a conclusion is reached that the architecture, which 
consists of 3 elements as explained about in a business environment is called multi-level 3PE 
model. The thesis has also suggested recommendations for future research(s). 
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1.1.1 Characteristics of System Support Engineering (SSE): 
A solution centred proposition is needed. This proposition is designed in the form of system 
support engineering (SSE) (Mo, 2009). Figure 1-1 maps-out the nature of system support 
engineering in the development process of an asset.  
 
Figure 1-1: The nature of system support engineering in the development process of an asset. 
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SSE concept involves the integration of service and system engineering to design support 
solutions. It incorporates a core knowledge base, drawing upon principles derived from a wide 
range of business and engineering disciplines. SSE is “solution centred”. It delivers output 
solutions which are a mix of service and product. Service is a dynamic and complex activity. In 
all services, irrespective of industry sectors or types of customers, services are co-produced with 
and truly involving consumers. In support solutions, service engineering and system engineering 
are used together as critical knowledge agents to guide the solution design. Service engineering 
emphasises customisation of solution designs to meet service needs, while system engineering 
emphasises technical performance of the solution. “Service and Support” is a strategic business 
model. The customer/supplier relationship is different from those of transactional service offerings 
where interactions are limited mainly to episodic experiences. In this model, the interactions with 
the customer are enduring, like the systems they support, and a support solution seeks to cement a 
constructive long term customer relationship. This means in SSE, there is a need to make the 
system support solution more like manufacturing process, so that needs for human skill are 
minimised and the reusability of elements is maximised. The importance of understanding the 
essence of the knowledge set presented here and the adaptation to the concept of services to 
customer is critical to the design of a successful system support solution.To simplify these process 
a generic architecture of SSE was drawn by employing an empirical research (ALSaidi and Mo, 
2013b). 
System support engineering generic architecture consists 3 elements (People, Process and Product) 
in an operation environment.  Also, it contains three levels structure (Execution, Management and 
Enterprise). The SSE framework model called multi-level 3PE model is shown in figure 1-2. This 
model is verified through multiple industrial visits and professionals contribution during data 
collection process. The SSE generic architecture is able to outline the relation between the 
elements of a support system.  
17 
 
 
Figure 1-2: General vision of system support engineering generic architecture (multi-level 3PE) 
The multi-level 3PE model is used to structure and calculate performance, as the whole idea of the 
support system engineering is to sustain the performance of the operating asset. The main 
challenge at the start is to select a methodology to build and present the structure performance 
calculation. From discussions with a range of professionals in the field, nearly all of them 
recommend a hierarchy build up format. They do not know the details but they thought it is the 
best if it can be achieved and easier for them to use and understand. Moreover, the input could be 
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distributed to multi management levels in a straight forward fashion. In addition, literature 
overview shows that the advantage of build-up methodology is by reducing the number of error or 
the contribution of errors to the final score in calculation. Therefore, the structure of performance 
calculation is drawn as a hierarchy structure so it will be easier to follow and include additions. 
1.2 Current industry status 
1.2.1 Practicing professionals 
Industry visits, meetings and talks with practicing professionals indicates that industries (like arm 
forces aviation, ports, etc.) are equipped with complex, technologically challenging and high value 
systems, which must last for many years.  Industry is the service and support provider. Therefore 
the industry should reshape itself:   
 To improve productivity  
 To adjust to lower production levels. 
 At the same time the industry aims at:  
 Retaining the specialist skills and systems 
 Maintain engineering capabilities required to manage technical capability on a through-
life. 
Moreover, support provider should offer a complex logistic engineering system which should serve 
the needs of different industries (i.e. Chemical, Mineral, Petroleum). Also, maintaining high levels 
of security and safety. 
1.2.2 Research on services 
Research on methodologies of providing services with a manufactured product has started on the 
early eighties of the last century. Usually figures show that 70-80% of the western economic 
activities are built on services. This economic figures stimulated researchers to innovate service 
systems.  
As a start, the basic principle of designing a compatible service system is a holistic view of the 
service where the customer’s experience, technical and operational aspects of the product is taking 
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into account. There are many research efforts suggesting different solutions and methods to 
improve system performance in relation to the manufacturing industry: 
 Manufacturing Servitization: which aims to improve the innovation ability of an 
organization to improve joint value through a shift from selling products to selling services 
with their products. 
  Product‐service system (PSS): which aims to design and market well‐matched services for 
itemized products and indicates that collaboration between team members of teams 
working within different locations and professions should occur. 
  Unified Service Theory (UST): which aims to standardize the customer feedback of the 
service design methodology. 
 Complex Engineering Service (CES): which aims to deliver value to the customer through 
a system of people, processes, assets and technology and the interaction between them 
rather than the function of the individual components themselves. 
 Activity based Framework for Services (ABFS): which is an activity‐based approach 
aiming to support cross-disciplinary efforts in service researches. It provides an 
idiosyncratic tactic general understanding of the service system concepts in multi‐
disciplinary organizations. However, it aims at general understanding and communication 
rather than being an unequivocal verified or validated description. 
 Synthesized Framework (SF): which implements qualitative and quantitative risk analysis 
techniques through Monte Carlo simulation.  The process model and risk drivers can be 
analyzed under this approach. 
All of the presented researches are unique and highly innovative but there are issues that prevent 
full implementation. One of the issues is that none of the research has looked at the depth of 
engineering. They are high‐level conceptual frameworks and have diminutive depth consideration 
of elements of a service system on how the elements might interact and perform individually or 
collectively. Therefore, a cohesive body of knowledge to support practice seeking solutions to a 
general problem with a particular scope is needed. This integrated industry domain knowledge is 
defined as “Systems Support Engineering”. 
System Support Engineering (SSE) builds on Systems Engineering principles and integrates other 
industry knowledge, including logistics engineering, supply chain management, maintenance 
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engineering, enterprise modelling and other competencies, to create and deliver support solutions 
for in‐service assets. This fundamental construct represents one level within the overall enterprise 
structure of the support solution. The proposed SSE generic architecture adopts a multi‐level 
modelling approach and defines a support system in three levels: enterprise, management and 
execution. 
1.2.3 Trend: 
Taking to the consideration that performance measurement practices have undergone many 
innovations, literature shows that lots of these innovations have changed the relationships between 
organization and its employees, customers, suppliers and other stakeholders all designed using 
systemic approach. Methodologies for system performance measurement should take into account 
of these changes. 
Performance system requires specific measurements techniques using accurate performance 
indicators from the Performance Measurement System. Measuring performance has different 
perspectives including but not limited to accounting, marketing and operations. Additionally, 
finding performance is a new discipline in management. There are models for measuring 
performances. However, models developed in the last 20 years are more horizontal and process-
oriented. This also leads to the following research question “Can industrial practitioners have a 
generic architecture to simplify the evaluation and sustainable evaluation of engineering asset 
performance?” If yes; how does it look like? 
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1.3 Research objectives 
 This model formulation approach developed a model to sustain constant high performance for a 
support system. This model captured strategic planning and operation issues. Moreover, it 
demonstrates the performance of three elements (product, process and people) and the 
communication between them within an environment and through organization management 
levels. 
Also covered in this research are the details and information required to measure the performance 
through all the levels within an organization. Through a systemic approach, the relationships, 
information exchange and future upgrades and integrations are organized via this model.  
As main contribution of this research, a generic architecture has been created with the following 
characteristics:  
 Clearly identified requirements.  
 An overview of the behavior vector of the model and clearly drawn relations between 
elements.  
 Captures the strategic decisions, inventions and engineering trade‐offs.  
 All activities associated with various phases of the effort at the level of elements in the 
system breakdown structure clearly identified.  
 Technical and commercial issues that are linkable from the maintenance and development 
(expansion) point of view. 
This proposed generic architecture and co-produced implementation strategies also can align all 
elements in unified performance scoring process, which have the ability to indicate the rule of 
element with indication of collaborative performance. This architecture and process, will make it 
easier for the practitioners to score and to troubleshoot the performance. In addition the 
practitioners can have the ability to forecast the performance aptitude. 
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2 Literature Review  
2.1 Systems Engineering 
Literature shows that the development of complex systems has gone through substantial progress 
in the last century. The common approach, which is implemented throughout the life-cycle of 
system design, development and fabrication, is systems engineering. Systems engineering 
necessitates a systematic process for designing, developing and deploying a system (Brunson, 
2009).  One of the oldest and simplest definitions of system was proposed by James C. Fletcher 
where he defined a “system as a collection of components that are intended to function together as 
a unit” (Puckett and Ramo, 1959). This definition is unique because it sums up the main aim of 
designing a system. In recent years, the American National Aeronautics and Space Administration 
(NASA) explained system engineering as “a methodical, disciplined approach for the design, 
realization, technical management, operations, and retirement of a system” (NASA, 2007).   
On understanding the perspective of a “system”, Adams and others tried to articulate a formal 
definition of systems theory as the Foundation for Understanding Systems (Adams et al., 2013). 
They presented systems theory as set of axioms to form the construct of a system. However, this 
formulation is still in the emerging stage. There is a suggestion that model-based systems 
engineering (MBSE) approach is expected to be the standard practice in the field of systems 
engineering (Ramos et al., 2012). Before this suggestion, Pfister and others (2012) proposed Meta-
model for formalising system engineering knowledge (Pfister et al., 2012). This proposition was 
built on patterns architect function. 
Sheard and Mostashari (2009) grouped the principles of complex systems to be (Sheard and 
Mostashari, 2009):  
1) Systems Architecting-Type Principles 
2) Systems Analysis Principles 
3) Problem-Space-Relevant Principles 
4) Configuration Management Principle 
5) Coordination Principles 
6) Management-Related Principles 
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Many general difficulties were mentioned in designing systems (Buede, 2011, Zio, 2009) and 
safety was generally noticeable (Smith, 2011). It has been promoted that safety could be integrated 
into Systems Engineering processes to overcome difficulties in designing critical systems (Piriou 
et al., 2013). There were complexities and difficulties involved in system engineering, therefore 
professionals in this field should undergo creative training methods. It was necessary to ensure 
their successful development of a large and complex system (Kossiakoff et al., 2011, Proctor and 
Van Zandt, 2011).   
There is a growing concentration in educating and training engineering professionals to think more 
systemically (Davidz and Nightingale, 2008, Dym et al., 2005). One of recent training approach 
for system engineer was the Simulation-based approach (Cohen et al., 2013). This approach 
integrated project and product aspects within simulation training. It guided the trainee through the 
initiation, conceptual design, planning and execution phases of the simulated project where it gave 
the trainee an option to explore the trade-offs between project and product constraints and 
demands.  
The above literature reviews are stressing on the importance of systems engineering in industry, 
but none applies to support and services in relation to system engineering. 
2.2 System Life Cycles 
Extended Life-cycles of complex systems have become more representative with 30 years or 
longer life-cycles (Eriksson et al., 2008). Traditionally, system life cycles are the phases of product 
development from conception through decommission. The concept of life-cycle was used to assist 
decision makers, managers and engineers in understanding procedures and activities needed to 
design, develop and fabricate the product (Khang and Moe, 2008). Sage and Biemer (2007) drew 
a hierarchical structure of the complex system in order to effectively identify and allocate system-
level tasks and activities throughout the total life cycle (Sage and Biemer, 2007).  
There were three classical views of the system life cycle within systems engineering organization 
(Sage and Rouse). These views were:  
a) Lower management view where it would see it as product. 
b) Middle management view where it would see it as process. 
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c) Upper management view where it was interested in the management of the system 
(management view). 
Also Sage (2011) showed the Theory and practice of verification and validation in the acquisition 
life cycle. Work system life cycle model by Alter (2008) provided a dynamic view of how work 
systems change over time (Alter, 2008).  
There were seven commonly used life cycle models (Plumb, 2011): 
1. The pure waterfall model was commonly used simple model but in many cases it would 
not fully serve the complexity of modern systems (Moreno et al., 2013).  This model had 
the following phases:  
a) Product Concept 
b) Product  Requirements 
c) Product design 
d) Product development  
e) Product testing 
This model was not adaptive to the changes in project and demands. Moreover, the Project 
visibility was usually limited to documentation. Customer and user feedback and 
refinement have been incorporated slowly into the project (Toth and Migliore, 2012). 
2. The spiral model was a risk reduction oriented model that breaks a project up into sub-
projects, each addressing one or more major risks (Ruparelia, 2010).  
a) Determine objectives, alternatives and constraints  
b) Identify and resolve risks  
c) Evaluate alternatives 
d) Develop the deliverables for that iteration and verify that they are correct 
e) Plan the next iteration 
f) Commit to an approach for the next iteration 
3. The modified waterfall model 
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This model used the same phases as the pure waterfall the main difference was not done 
on a discontinuous basis. It actually enabled the phases to overlap when needed (Gao and 
Hembroff, 2012). 
4. The evolutionary prototyping 
This model used multiple iterations of requirements gathering and analysis. The design and 
prototype development were the result of analysis after each iteration. 
5. Staged delivery model: 
This model was separated into deliverables stages for detailed design, coding, testing, and 
deployment. 
6. Evolutionary delivery model  
This model was a combination of evolutionary prototyping and staged delivery models. 
7. Design-to-schedule model: It aimed to ensure product release for a particular date 
(McConnell and Root, 1996, McConnell, 1996).  
Transforming an idea from its conception to its execution in the real world is often a long process 
that requires lots of fortitude (Eisner, 2005). The systems engineers have been facing challenges 
in relation with the integration of multiple complex systems (Correa and Keating, 2003). 
Moreover, they are facing a apprehension with efficiency issues (Sage and Cuppan, 2001).  
Noticeably, most of the referenced literatures in System Life Cycles have been ignoring the 
activities after system commissioning. 
 
 
 
26 
 
2.3 Support and Service systems  
As a starting basic principle of designing a compatible service system, a holistic view of the service 
where the customer’s experience, technical and operational aspects of the product are taking into 
account is essential (Pang, 2009). 
Research on methodologies of providing services with a manufactured products started on the 
early eighties of the last century (Baines et al., 2009). Figures showed that 70-80% of the western 
economic activity was built on service (Wild, 2010). This economic figures stimulated researchers 
to innovate service systems which were more efficient and cost effective.  
Service is a negotiated exchange with the asset owner (or/and operator) to provide intangible 
outputs that are usually co-produced with the product. A service is usually consumed proximate to 
the time of delivery the service, if not coincident with it. Services cannot be transferred to other 
asset owners in the same way that products can. The system support engineer therefore requires 
service knowledge to anticipate management of the support system during implementation. 
Due to the highly individualised nature of a service, it is an extremely knowledge intensive, labor 
rich business. The performance based services are characterised by: 
 Customize as a source of value creation 
 Treat consumers as co-innovators 
 Rely on professional knowledge for judgment-based work 
 Have a lot of risks 
 Professional and technical skills are central 
 Need thorough analysis of the future prior to commitment 
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2.3.1 Theory of services 
Stauss and others (2008) proposed the concept of a services science in its basic form as the new 
scientific field was aiming at solving the complex problems of a service economy by applying a 
trans-disciplinary approach in intensive collaboration between academia and service organizations 
(Stauss et al., 2008). They also indicated the expectation of merging new service-specific 
knowledge to be generated through cross-fertilization and the combination of different specialized 
competencies, models and methods.  
Understanding the fundamentals of the service economy did not progressively improved until last 
two decades. Six explanations were given to enlighten the reasons behind this late progression 
(Spohrer, 2008): 
1) Variety of service industries and service activities in other industries made discovery of 
general principles difficult. 
2) The general view of services as low value jobs has slowed investment. 
3) There were suggestions promoting services as unproductive and resistant to productivity 
gains has slowed investment. 
4) Difficult to patent or legally protect service innovations has slowed investment. 
5) Real data about service phenomena that could form the basis of a general theory of service 
were considered confidential and proprietary and hence were difficult to obtain. 
6) The multidisciplinary nature of service research required more cooperative efforts to 
progress which require large resources.  
Service theory with respect to the evolution of service capabilities and necessitates balancing the 
shifting costs of both production and consumption of service. In regards to operating engineering 
assets the service theory is challenged due to the regulatory dynamics of service transactions, 
technological capability dynamics, relative mobility of people and their micro-specializations. 
As a result of the mentioned challenges the following services science started to emerge and 
dominate:  
o Outsourcing 
o Service and Technology 
o Goods to Services Transformation 
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o Service Innovation 
2.3.2 Servitization 
The innovation ability of an organisation to improve joint value through a shift from selling 
products to selling services with their products has been defined as “servitization” (Baines et al., 
2009).  They presented the main drivers of servitization as: 
 Financial where businesses were aiming to improve revenue steam and profit margin. 
 Strategic as the manufacturers intended to gain more competitive opportunities and 
advantages. 
 Marketing which were imposed by customer relations and product differentiation. 
Also they mentioned that the main feature of servitization was to bring the focus of service system 
to a strong buyer centricity and resulted in generating value from both product and services in 
bundled packages.  
2.3.3 Product- service system (PSS) 
As a further development to the methods of providing services with product, the combination of 
marketable product and service could both satisfy the need of customer called product-service 
system (PSS) (Mont, 2002). There are over 100 existing articles about PSS in general (Sakao et 
al., 2009). The PSS can be provided either by single company or by an alliance of companies. The 
focus of the PSS is to design market well-matched service for itemized product not giving enough 
attention to the efficiency of the system required to deliver service.  
Keeping in mind that the servitization development were shifted form product oriented service to 
user process oriented and the nature of the customer interaction was shifted form transaction-based 
to relationship-based (Baines et al., 2009). These changes introduced new challenges for PSS 
functional design. The main aspects of Functional Product development (FPD) which were the 
“combined product and actor network of suppliers and customers” (Sakao et al., 2009).  
It has been indicated that collaboration between team members of teams working within different 
locations and professions should come together. This highlights the need of a system to support 
this complex process. Also, another aspect could be learned from (FPD) is that customer should 
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have interaction during the design stage of the support service (Alonso-Rasgado and Thompson, 
2006). This should have a clear process model  (Alonso-Rasgado et al., 2004) and this interaction 
should give diminutive depth consideration to elements of a service system or how the elements 
might interact.   
2.3.4 Unified Services Theory (UST) 
In order to standardize the customer feedback of the service design methodology, the Unified 
Services Theory (UST) was developed (Sampson, 2001). The foundation of UST has been drawn 
as “With service processes, the customer provides significant inputs into the production process” 
(Sampson and Froehle, 2006). The unified services theory delineated service processes from non-
service processes (Dandan and Rongqiu, 2010). The UST was a distinctive process (Sampson, 
2010) but it introduced issues (i.e. structures, behavior, effectiveness, environment, .., etc.) (Wild, 
2010) and challenges on the service design process as the customers varied around the world and 
they were operating in dissimilar environments for unrelated purposes.  
2.3.5 Complex engineering service (CES) 
Another approach for service system is Complex engineering service (CES) systems where the 
integration of equipment, people and information transformation is performed to achieve good 
outcomes (Ng et al., 2010a). Ng & others formally defined CES to be “systems that aims to deliver 
value to the customer through a system of people, process, asset and technology and the interaction 
between them rather than the function of the individual components themselves” (Ng et al., 2010b). 
This indicates that CES is concentrating on transforming the elements within an organization in 
order to transform the organization as whole to be able to provide a service.  
2.3.6 Activity based framework for services (ABFS) 
The activity based framework for services (ABFS) is an activity-based approach aiming to support 
cross-disciplinary efforts in service researches (Wild, 2010). This approach was built through the 
observation of the dissimilar service activities in order to highlight general service elements within 
a service environment. It provides an idiosyncratic tactic of the service system concepts in multi-
disciplinary organisation. However, currently there is no cohesive method whose modelling 
concepts counterpart the ABFS’s elements. 
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2.4 Performance based contracting 
Performance based contracting (PBC) merged as a favorable choice of contracting mechanisms in 
the modern industries and even in the public sectors (Kleemann and Essig, 2013, Beuren et al., 
2013, Collins-Camargo et al., 2011, Kearney et al., 2010). Literature agreed in general that 
performance based contracting could be a defined mechanism of rewarding values based on the 
measured outcomes which scored and rated according to an agreement between two parties (Hypko 
et al., 2010b, Eldridge and Palmer, 2009, Sultana et al., 2013, Hypko et al., 2010a). The concept 
of PBC was unique and provided benefits to both parties of the contract. However, it did not give 
in depth details of systemic evaluation of the elements which restricted the performance body as 
it concentrated more on the contracting mechanisms understanding. The problem is how to 
structure the PBC concepts in details (Ssengooba et al., 2012) to serve and fulfilled the technical 
need of the support system.    
2.5 System performance 
Many approaches have been published in regard to technology management (Liao, 2005, Phaal et 
al., 2006, Drejer, 1997, Phaal et al., 1998), carrying a lot of suggestions for management approach 
and structure with raising challenges and opportunities new product, service, process and 
organisational development (Cetindamar et al., 2009). Additionally, they provided an academic 
evaluation of the management tools (Brady et al., 1997, Maine et al., 2005). There were many 
performance metrics and assessment methods, techniques and packages were available (Jelali, 
2006, Julien et al., 2004, Harris et al., 1999, Joe Qin, 1998, Harris et al., 1996). However, effective 
multivariable identification methods need to be further developed. Literature shows that, the 
advantage of hierarchical build-up structure methodology is that it was easier to handover 
information and knowledge (Walczak, 2005, Mihm et al., 2010, Wang et al., 2014, Ogiela and 
Ogiela, 2014, Mullins and Schoar, 2013, Spencer et al., 2012, Yuan and Hipel, 2012, Wright and 
Pandey, 2010, Csaszar, 2012), to improve the ability to examine problems (Tseng et al., 2014, 
Kang, 2006). Subsequently, it reduces the number of error or the contribution of errors to the final 
score in calculation. 
Performance measurement practices have undergone many innovations (Davila, 2012). Literature 
shows that lots of these innovations have changed the relationships between organisation and its 
employees, customers, suppliers and other stakeholders all using the systemic approach. 
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Performance measurements depend on good data that should be analysed with sound methods and 
be translated into information and knowledge allowing decisions to take place to identify what 
parameters to measure, it is needed to first understand what to change to improve performance and 
subsequently, identify what are the measuring parameters. 
System performance measurement should take into account of these changes (Tonchia and 
Quagini, 2010b). Performance system requires specific measurements techniques using accurate 
performance indicators from the Performance Measurement System (Tonchia and Quagini, 
2010a). Measuring performance has different perspectives including but not limited to accounting, 
marketing and operations. Finding performance is a new discipline in management (Neely, 2002) 
which developed models for measuring performances. However, models developed in the last 20 
years are more horizontal and process-oriented (Biazzo and Garengo, 2012).  
2.6 Enterprise Modeling 
Mark Fox and Michael Gruninger defines  enterprise modeling as  “a computational representation 
of the structure, activities, processes, information, resources, people, behavior, goals, and 
constraints of a business, government, or other enterprise” (Fox and Gruninger, 1998). Literature 
review presented enterprise modeling as integration of several sub-models, including (but not 
limited) to process models, data models, resource models, and organisational models. The 
modelling of an enterprise could vary between very sophisticated and elaborated, to representable 
with a simple sketch of the plant layout (Liles and Presley, 1996).  
It has been identified that usually the enterprise model contained these aspects in a manufacturing 
context (Chattopadhyay, 2011): 
 Processes: Manufacturing and business processes (administrative, management, finance, 
etc) 
 Products: Product information including all technical data and the manufacturing processes 
that are necessary to produce the product. 
 Resources: People, physical machines, devices, and applications (software packages) 
 Raw Materials: Natural, modified, or semi-processed basic substance used as an input to a 
production process for subsequent modification or transformation into a finished good. 
 Information: Anything that can be represented by data 
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 Organisation: Organisational charts, goals and objectives and so on 
 Environment: Enterprise environment (both internal and external), business constraints, 
legal issues, government regulations and other enterprise/business partners, etc. 
According to Frank the requirements of enterprise modeling could be summarized as 
following(Frank, 2012): 
1) Including the concepts which are suited to support the conjoint examination and design of 
information system with action system. 
2) Provide concepts and illustrations that correspond to the professional backgrounds of 
prospective users. Also offers concepts that serve as shared reference to diverse groups of 
stakeholders. 
3) Include ideas that can be mapped to implementation-level. 
4) Support the convenient and safe design of particular enterprise models. 
5) Supplemented by corresponding modeling tools. 
6) Should include reference models.  
7) Contribute to the assessment of its economics by: 
a.  Clear descriptions of the intended rationale  
b. Providing criteria to foster the transparency of ex-ante and ex-post assessment 
criteria. 
The difference between different enterprise models might lie in the purpose of the model, the 
content of the model or the level of abstraction. Any kind of enterprise model serves a specific 
purpose, of which there are many but fundamentally any enterprise model aims to make people 
understand, communicate, develop, and elaborate solutions to existing business problems. 
It has been indicated that a model could be any build which bonds some important belongings with 
a real or anticipated system that was being modeled (Holt, 2009). Holt saw enterprises as a 
collective effort of many individuals that were in a continuous mutability of alteration and 
emphasizes the need for communication between people with different disciplinary background 
(cross-functional teams). Enterprises in the 21st century demanded constant modification in order 
to acclimate to the active, worldwide business environment (Wagter et al., 2005). 
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An enterprise model echoed all the traditional areas of economics, finance, marketing, human 
resource management, politics, personal interactions, and belief models etc., which defined people, 
their interactions and how they behaved. Also, it put them into a holistic perspective which was 
dispassionate by any one perspective or approach. 
Enterprise modeling as a concept, tool and the way to improve enterprise performance through 
integration and enterprise engineering efforts is only 20 years old (Chattopadhyay, 2011). The 
concept provides a means for the exploration, development, testing, implementation, and 
evaluation of that which it represents (Snodgrass and Szewczak, 2002). It can be illustrated that 
enterprise model is based on defining and evaluating. It is dynamic in nature, because over time, 
the scope of influence changes based on choices made, actions taken, and a change in the 
environment it operates within. Every individual or organization has some area of influence and 
over time they attempt to extend their area of influence to the maximum amount possible. As this 
scope is extended several effects may be observed, including competition, mutual cooperation, or 
specialised niche development. Lankhorst (2005) acknowledged that enterprise was alive in a very 
tangible way, but it was hard to visualize how it came to be, how it has grown and how it would 
continue to thrive (al, 2005). 
2.7 Emergence of Discipline 
Long and Dowell in (Wild, 2010), formally defined a discipline as “ the use of knowledge to 
support practices seeking solutions to general problem having a particular scope”. From this the 
need to develop a discipline looking at the engineering side of the support system using the 
knowledge extracted from the industry practice with support academic invitational development 
is recognised. 
Case studies of long term system support showed that the support solution designer should have 
broad skills and competency. Table 2-1 display a summary of Knowledge elements, on asset 
technology and service knowledge which are extracted from the cases reviewed in literature. 
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Table 2-1: Summary of Knowledge elements 
Case studies 
Core and 
domain  
knowledge 
On asset 
technologies 
Service knowledge 
Case No 1: 
A study on the logistics 
and performance of a 
real virtual enterprise 
(Mo et al., 2006) 
 
Enterprise design 
 
Integrated logistics 
support 
 
System architecture 
and Knowledge 
management 
Case No 2: 
System Support Based 
on Signal Diagnostic 
Methods (Lee and Leem, 
1999) 
 
System 
Engineering 
 
Remote control 
 
System monitoring 
Case No 3 : 
Globally Distributed 
System Virtual 
Enterprise (Kamio et al., 
2002) 
 
Information 
systems, 
Supply chain and 
management 
 
Maintenance 
Engineering and 
Reliability 
 
Customer relation, 
Team building and 
Project 
management 
Case No 3 : 
Risk Assessment of a 
Performance Based 
Contract (Mo, 2009) 
 
Logistics 
Engineering and 
Risk Analysis 
 
Enduring system 
design 
 
Project 
management 
 
35 
 
The meaning of solution in this manner is proposition of support services which can provide 
efficient viable remedies (Bell, 2008) for designed or in operation systems. Keeping in mind that 
service is a dynamic and complex activity. In all services, irrespective of industry sectors or types 
of customers, services are co-produced with and truly involving consumers. In support solutions, 
service engineering and system engineering are used together as critical knowledge agents to guide 
the solution design. Service engineering emphasises customisation of solution designs to meet 
service needs, while system engineering emphasises technical performance of the solution. 
“Service and Support” is a strategic business model.  
The customer/supplier relationship is different from those of transactional service offerings where 
interactions are limited mainly to episodic experiences. In this model, the interactions with the 
customer are enduring, like the systems they support, and a support solution seeks to cement a 
constructive long term customer relationship. The above clearly indicates that integrating loosely 
coupled knowledge into an identifiable discipline so professional practitioners can use the body of 
knowledge more effectively. 
2.8 Research Objectives Revisited: 
All of the presented researches are unique and highly innovative but there are issues that prevent 
full implementation. The literature suggests that there is a need to develop a tool or techniques that 
practitioners in the industry can apply to help in service design (Baines et al., 2009) for operating 
assets as a long term service solution in order to maintain optimized performance and best return 
on investment. However, one of the issues is that these service solutions focused services on low 
complexity products and did not involve depth of engineering. PSS is about setting up the 
“service”. It focuses on services on low complexity products. These less complex products do not 
need “depth engineering”. 
Many factors govern the operation of an engineering asset. Engineering asset stakeholders are 
demanding more value out of their asset by ensuring sustainability in operation. These include 
availability, readiness, extended operation and other value schemes. Therefore, in order to meet 
functional demand by the end users, the capability and efficiency of the system should keep 
increasing (Mo, 2011). 
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The ability of achieving this goal can be improved using analysed system performance data. 
Decisions such as asset replacement, upgrade or system overhaul are in many respects equivalent 
to a major investment, which is risk sensitive. “Deep engineering” is needed to reduce risks so that 
any loss can be made bearable. The depth of engineering is essential in this study for the following 
reasons: 
 Modern engineering assets are complex and very high in value. They are expected to serve 
for years to come with ability to handle the change in technology and customers’ demands. 
Therefore, on asset technology requires high maintenance and reliability engineering 
knowledge (Kamio et al., 2002). 
 Literatures are showing that the consideration for the sustainment of an asset should be 
engaged at the very early stages of asset management system development (ALSaidi and 
Mo, 2014). However, this is not possible as modern machine systems are of increasing 
complexity and sophistication unless there is a corresponding system engineering 
knowledge and understanding (Lee and Leem, 1999). 
 Current movement in complex engineering manufacturing industry is to offer a 
combination of product and support service (Ng et al., 2010b, Smith et al., 2012). This will 
require toning knowledge of logistics engineering and engineering risk Analysis (Mo, 
2009). 
 More the complex systems have become, the more better solutions in both technical and 
management domains is required (Eisner, 2005). 
The reviewed literatures illustrate that a support system solution and a support system designer 
should engage comprehensive skills and knowledge elements in cohesive body of knowledge 
which serve support solution design in better practical way. The knowledge elements are 
summarised in Table 2-1. Therefore, a cohesive body of knowledge to support practice seeking 
solutions to a general problem with a particular scope is needed (ALSaidi et al., 2012). This 
integrated industry domain knowledge is defined as “Systems Support Engineering”. System 
support engineering is dealing with complex and capital intensive assets. So in other word, system 
support engineering is “deep engineering”. Unfortunately, there is no generic architecture for 
system support engineering available for practitioners to use. 
37 
 
This will lead to the following question: “Can industrial practitioners have a generic architecture 
to simplify the development of such a system? If the answer is yes; then how possible is it?” 
This research aims to propose a validated answer for this important question and discuss the 
development of the system support engineering (SSE) generic architecture as a fundamental 
structure for providing a systematic modelling approach that enables industrial practitioners to 
design, implement and measure a support system performance. The development of such a 
structure combines both literature analysis and empirical work. To develop this approach into a 
usable methodology, the details and information required to measure the performance through all 
the levels within an organization are also explored. 
Through a systemic approach, the relationships, information exchange and future upgrades and 
integrations are organized via this as an outcome of this approach. 
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3 Research Methodology  
3.1 Research Methodology Overview:  
As inductive research methodology has been followed in this thesis. The primary purpose of the 
inductive approach is to allow research findings to emerge from the frequent, dominant or 
significant themes inherent in raw data, without the restraints imposed by structured 
methodologies. Key themes are often obscured, reframed or left invisible because of the 
preconceptions in the data collection and data analysis procedures imposed by deductive data 
analysis such as those used in experimental and hypothesis testing research. 
The following are some of the purposes underlying the development of the general inductive 
approach. These purposes are similar to other qualitative analysis approaches: 
 To condense extensive and varied raw text data into a brief, summary format. 
 To establish clear links between the research objectives and the summary findings 
 To ensure these links are both transparent and defensible. 
 To develop model or theory about the underlying structure of experiences or processes 
This research is aiming to develop a model for system support engineering. The development of 
such a structure combines both literature analysis and empirical work. The overview of the 
research approach is shown in Figure 3.1. 
 
Figure 3-1: Approach overview 
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Figure 3.1 is showing the following major steps in approach of this research: 
1) The literature analysis and review: this step provides information on how different 
systems work and what has been done so far in this field. Also, it gives a sense of what 
needs to be done and highlights the level of understanding that needs to be gained from the 
empirical work and the required steps for that.  
2) Case studies: Due to the complexity and dynamicity of system support in modern 
industries, the analysis starts from a case study to achieve reasonable assessment of the 
support system with a focus on engineering concepts. Reviewed cases and literature 
showed that collecting conscious‐based data through self‐reporting is not good enough to 
achieve high accuracy information. Therefore, the mentioned methodology was combined 
with interpolation from people involved in the studied system to describe their professional 
understanding and thinking. This will inject the collected data with some sort of predictive 
validity. 
3) Theory and hypothesis: the combination of the literature review and case studies results 
in building theory and hypothesis.  
4) Testing: is through professional feedback and implementation performance outcomes.  
5) Answer: is a judgment of the outcomes. The judgment falls into three categories:  
o Yes: where the hypothesis result is satisfactory so it is fine to be implemented fully 
and the next phase is good to carry-out (valid). 
o No: so the result are not satisfactory where in this case further examination is 
carried-out to indicate the reasons of failure (not valid).  
o In-between: where the hypothesis is not fully satisfactory and need to be improved. 
This outcome usually becomes clear during the feedback process from the 
professional practitioners (not valid).  
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3.2 System Engineering Methodology        
Due to the systemic nature of the project; System Engineering methodology could be a suitable 
methodology (Stevens, 2011) to be used to guide the research process. System engineering 
methodology focuses on several major steps including: 
 problem statement,  
 Identification of objectives and requirements documentation,  
 Concept generation,  
 Analysis of alternatives and trade studies. 
 Selection of primary concepts  
 System creation which including: 
o design  
o development 
o integration 
o verification 
o validation  
These steps are typically orchestrated in a manner that intellectually decomposes the problem into 
subsystem and eventually component-level which can be handled easier.       
         Due to the highly individualised nature of a service, it is an extremely knowledge intensive, 
labour rich business. This means in system support engineering, there is need to make the system 
support solution more like manufacturing process, so that the needs of human skills are minimised 
and the reusability of elements is maximised. The importance of understanding the essence of the 
knowledge set presented here and the adaptation to the concept of services to customer is critical 
to the design of a successful system support solution. 
 System support engineering aims to effectively and efficiently develop a support system for an 
existing or planed asset. Therefore it will be effected by and adjustable with the operation 
environment (Wasson, 2006). A system which is interacting with its environment is an “open 
system” (Blanchard, 2008). This suggests that open system approach which is a commonly used 
approach in system engineering could be suitable for use in order to increase the capability of a 
system to adapt to its environment (Azani and Khorramshahgol, 2005).  This seems the right 
conceptual approach for system support engineering. 
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3.3 Learning and building theories: 
Receiving feedback information about the actual world, and using the fresh information, is 
essential to review our understanding of the world and the conclusions we make to bring a system 
closer to our goals (Sterman, 1994). A crucial part of that process is architecting of the system, 
which is a top-level structure for the system (Eisner, 2002). Before finding an architecture solution, 
the architecture evolution environment and evolution requirements should be clarified (Dagli and 
Kilicay-Ergin, 2009). Architecture design instigates with the recognition of a vision, declaration 
of the problem and the articulation of a solution strategy (Cole, 2009). According to Dagli and 
Killcay (2009), there is a need to answer the following four questions when architecting a system: 
 How trustworthiness and interoperability are be ensured?  
 How a large-scale design along with distributed testing is assured? 
 How can the evolutionary growth be assured? 
 How it can be dealt with hidden interdependencies and the complexity?  
In addition to answering the previous questions, the system should be linkable to the technical and 
commercial issues from the maintenance point of view (Kobbacy et al., 2008) 
To develop a tool, the scope and start point should be established (Hybertson, 2009); where all 
engineering and management artifices are included as model. For the system support engineering 
all that have been mentioned in the previous chapter form the next challenge to identify the 
methodology and framework requirements (Adamsen, 2000b) to build such a model.  
The behavior vector of the model should be overviewed and relations between elements are clearly 
drawn (Stevens, 2011). These should help to highlight the foundational architecture  (Mittal et al., 
2009). The architecture should capture the strategic decisions (Adamsen, 2000a), inventions and 
engineering trade-offs concerning how the system is able to meet its requirements (G. et al., 2009). 
For the framework of the system architecture all activities need to be associated with various 
phases of the effort at the level of elements in the system breakdown structure (G. et al., 2008, 
Sage and Cuppan, 2001). 
Learning process always requires particular level and depth of understanding of the system. 
Literature shows that several steps should be taking in order to realize certain depth of 
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understanding. These steps are depending on the system need to be studied and the level of 
understanding that is required to be achieved from the particular study. 
The following steps have been taken in order to gain the required understanding for this thesis. At 
the start, direct observation by the researcher within the industry and recording the outcomes in an 
observation notebook. The second step is to probe by asking professionals and experienced for 
explanations and interoperations of the operational and maintenance data. The previous two steps 
are concluded with analysing of the documents and sites occurring in the visited industries.    
3.4 Case study and Empirical approach 
3.4.1 Case study  
Case studies have been considered as research methodology which focus on understanding the 
dynamics presented on a system (Eisenhardt, 1989b). In general, the case study research is an 
inquiry focusing on describing, understanding and sometimes predicting. Literature shows that 
because of its unique strengths, case study research is often used for developing new theories. It 
presents research or evaluation data in a more publicly accessible (Adelman et al., 1976). 
In order to estimate the requirements to develop the system support engineering tool; a case study 
need to be conducted.  The complexity and dynamicity of system support in modern industries 
should be considered. Taking multiple case studies could be a useful research methodology to 
enable us to achieve reasonable assessment of the existing systems with focus on the support 
systems engineering. The benefits of case study research could be briefed as following (Wells and 
Sage, 2009): 
 An extension of the development technique of existing support solutions in the industry by 
more explicitly treating their function and efficiency with the system support engineering. 
 Validation of the sufficiency of system support engineering tool for establishing roles and 
responsibilities for complex systems and assets comprising a variety of enterprises and 
applications. 
 Documentation of the realities of the world of professional practice regarding large and 
complex systems. 
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 Determination of the validity of the assumption employed by current systems engineering 
standards. 
 Guidance based on established practices on how to consolidate the system support 
functions responsible for supporting the complex systems and high value assets. All our 
expanded understanding the roles and responsibilities of the system support engineering is 
to charge with overseeing and ensuring the success of system support engineering and 
integration at the system level.  
 Introduce recommendation of further studies and activities.  
The validation and revision of the outcomes build on two main general strategies. Firstly, the 
researcher will try to highlight and rate the most critical feedback roots in order to capture and 
evaluate important results. Literature suggests that it could be useful if the researcher could order 
them based on the importance which could be difficult in these cases. Instead the number and size 
of inputs and outputs of each root are considered to be the importance indicator. The second 
strategy is to analyse outcomes of the complexity. Using a cause map as a step toward system 
dynamic modelling (Woodside, 2010c). Such cause maps will highlight the corresponding 
communication roots of real-life complex practice in the studied support systems. Each case is 
considered as a study within itself simply like an experiment. Consequently, the service data are 
viewed as an initial case study with three replications. The external validity of multiple cases is 
not problematical issue or core requirement (Yin, 2009).  
3.4.2 Case Study Research Methodology 
A literature review of case study methodology illustrates that it is a process which involves a 
researcher or more gathering a considerable size of data from organization(s) to develop the 
clearest possible picture of a phenomenon (Dubois and Araujo, 2007). The data may come from 
primary sources (such as direct observation or interviews of people involved) or secondary sources 
(documents or records, for example) and in most cases combination of both.  
Case Study Research Methodology (CSRM) may examine a single situation or, with multiple-case 
studies, several related situations. Distinct reviewed studies are telling that case study research 
generally focuses on current conditions, using historical data primarily to understand or 
substantiate the information gathered about the ongoing situation.  
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According to McCutcheon and Meredith (1993), case studies conducting methodology involve the 
following steps (McCutcheon and Meredith, 1993):  
1) Basic procedure: where a researcher observes the events surrounding a situation.  
The researcher may try to develop an understanding of the mechanisms involved. The 
researcher may gather information through a number of other means, primarily interviews 
of key individuals (i.e. managers, workers or technical staff). Interviews can be planned to 
ensure coverage of key topics but the interview format is generally open-ended, allowing 
the interviewer to explore areas that come to light during the course of discussion. 
Observations and interviews may be supplemented or combined with documents, historical 
records, organization charts, production statistics and other sources that either provide a 
clearer understanding or corroborate other data. 
2) Theory base: case research also requires theoretical development background.  
The necessary base may be available in the well-developed theories from other fields. 
Disciplines such as economics, organization theory, organization behavior, operations and 
business strategy have theories that are relevant to the system function. Many of these 
theories could be improved or extended by system engineering researcher(s) with giving 
understanding of systems conditions, performance and technologies.  
3) Design and site selection: the design and site selection is depending on the targeted 
objective of the case study. Generally speaking, the potential outputs are what dictating the 
case study design and site selection. This could be for the following reasons:  
 Description of events and outcomes to allow others to understand the processes and 
environment which indicate the relative importance of some factors. 
 The indication of the theory base’s validity could lead to a need to assess the 
reliability and validity of measures.  
 Evidence which disconfirms the hypothetical theory designed to explain events and 
outcomes in the case situations. 
Most literatures agreed that site selection give a case with conditions that allow theories to 
be compared for their explanatory ability.  
4) Data analysis and theory development: In this step the details must be sorted from the 
mass of observations, comments, reports and interviews. Reviewed cases showed that data 
analysis usually relies on two basic sets of tools: 
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 Data reduction methods where data is  summarized or characterized through data 
arrays or reduction that can help sort out patterns from the masses of material that 
a case study can generate. 
 Logical analysis where the data is logically connected among the observed events, 
relying on knowledge of how systems, organizations and individuals work. 
5) Study Expanding: A case study can be expanded in an iterative way as theory develops 
and understanding increases, following the precepts of grounded theory development. The 
developed of a theory builds on result flexibility and reliance on the cause-and-effect 
relationships in complex system contexts. 
3.4.3 Empirical approach 
Valerdi and Davidz (2009) identified some opportunities and challenges in empirical research in 
system engineering  field (Valerdi and Davidz, 2009). The challenges have been categorized in 
four streams:  
1) Relative immaturity of system engineering field. 
2) Lack of appreciation for empirical and social science research. 
3) Lack of access to data. 
4) Lack of accepted metrics. 
The benefits of develop theories supported by an empirical approach are (ALSaidi and Mo, 2013b): 
I. It can lead to well-grounded, valid theory which helps both academics and practitioners 
better understand systems engineering phenomena.  
II. It will yield great opportunities for researchers and practitioners to work together.  
III. The collection of empirical data for systems engineering studies, analysis and synthesize 
which are formulated this into models and theories, can brand systems engineering to a 
mature discipline.  
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IV. The decision support systems which are based on the best empirical evidence available 
could allow the systems engineering community to make better decisions about the systems 
they acquire, develop, and operate.  
An overview of the literature indicates that the empirical study in system engineering is clearly 
supported by better implementation and understanding of probability and solid mathematics 
(Durrett, 2010, Tijms, 2012).  Assessing performance capability of system engineering can target 
the increasing focus on integration across systems to enable capabilities (Dahmann et al., 2008).  
In order to examine the validity of the industrial example and keeping the focus on the system 
support engineering, sustainability assessment of the performance will try to: 
 Provide Logical connections among the observed events,  
 Relying on knowledge of how systems preforms.  
 The relation of the organizations and individuals work. 
3.5 Data Collection 
Data collection for this research is targeting (but not limited to) the following information:  
 Classification.  
 Authorisation.  
 Study, design and planning.  
 Implementation planning, management and execution.  
 Inspection and evaluation.  
 Referencing  
Reviewed literatures show that collecting conscious-based data through self-reporting is not good 
enough to succeed high accuracy information (Runeson and Höst, 2009). It has been indicated that 
the most commonly used Data collection methods are: interviews, questionnaires and  observation 
(Stanton et al., 2012) and depends on the case or the reason for data collection. There are examples 
published in the literature on combining more than one method to accomplish better results on data 
collection (Borrego et al., 2009, Lan and Ramesh, 2008, Runeson and Höst, 2009, Yin, 2011). In 
this research, Data collection is designed with the following: 
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 Objective of what data to collect and study.  
 Theory: Frames of reference which are the collected data are going to validate.  
 Selection strategy of where to seek data.  
To sum up, collecting conscious-based data through self-reporting is not satisfactory serving the 
achievements of high accuracy information. Therefore, an interpolation from people involved in 
the studied system to describe their professional understanding and thinking is included. An 
interpolation from people involved in the studied system to describe their professional 
understanding and thinking is hailed. This will inject the collected data with some sort of predictive 
validity.  
Data presentation and interpretation affect the outcomes quality of a case study (Silverman, 2011, 
Eisenhardt, 1989b, Woodside, 2010a). Generally speaking, simpler presentations give better 
interpretation which leads to better outcomes. Therefore, the collected data are arranged in a basic 
simple structure and a set of graphs to simplify the information presentation.  
3.6 Feedback and comments from reviewers of submitted publication 
There is no doubt that the research process and outcomes are not perfect. Therefore, getting 
contingent feedback form expert reviewer through the stages of the research project does allow 
making some judgment about the comparative quality and merit of the research. It allows diverse 
opinions to be brought to the table and theoretically removes any personal biases and pre-set ideas 
from the research work. Also, it helps to stop a lot of sub-standard and poor science from reaching 
the research final outcomes.  
In addition, the reviewers are generally experts in the field and well acquainted with the latest 
developments which could have a priceless input the research process.  
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3.7 Research plan 
Step 
No. 
Title of Activity 
Activity Description & Relation to Research 
Questions 
1 
Relevant Literature 
Review & Theories 
More extensive literature will be conducted in 
order to provide concrete basis for the 
development of the architecture. 
2 
Conceptual Architecture 
Design 
 
Outline the methodology and architecture 
requirements. 
 Literature cases 
 Internet information  
 
3 
 
 
Verifying the generic 
system framework 
 
Few components of detailing the architecture are 
still much need to be gained. The architecture 
should be verified though industrial case study. 
The activities of industrial case study are: 
 Visits  
 Questionnaire  
 Interviews (if necessary) 
It will indicate and verify the details of the generic 
architecture   
 
4 Architecture  Modelling 
The best methods of modelling and simulating the 
Architecture need to be figured out on which is 
the best method to model the generic Architecture. 
How this generic architecture will be made and 
how the modelling languages will be used. 
5 
Analysis of initial 
Architecture 
Once the components/information is gathered, the 
analysis can be done 
6 Report / Thesis writing 
Semestral and timely report will be produced 
accordingly. Thesis writing will also start when 
necessary. Currently there is one paper has been 
produced related to the preliminary study of this 
research work and another paper is in progress. 
7 
Work Presentation /  
Thesis Submission 
Journal, conference paper, etc. This activity is 
ongoing practice though the stages of the research 
project to improve research quality.  
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4 System support engineering tool 
4.1 Overview  
This chapter will discuss the development of the system support engineering (SSE) framework as 
a fundamental structure for providing a systematic modelling approach that enables industrial 
practitioners to design a life support system. This structure should integrate industry domain 
knowledge to create and deliver a specific support solution for in service assets, as the 
circumstance requires. Reviewed case studies and industrial visits indicate that one level of 3PE 
model is not sufficient because it will cover only the execution level and ignore the middle and 
higher management levels. There is always a need to present and exchange new and creative ideas 
between all management levels (Aslani et al., 2012). Therefore, the multi-level 3PE model is 
introduced to address these issues and structure the communication between deferent levels.  
4.2 The execution level 
Figure 4.1 shows the level of execution. The designed environment of this level is usually the 
workspace (i.e., a plant) where all the activities are performed. It may have different facilities like: 
a shop floor, a maintenance yard, a quality lab, etc. The environment should be designed to 
accommodate all planned activities. This environment is subject to changes overtime to suit 
changes in activities and to keep cost to a minimum. Also, it is subjected to continuance 
optimization overtime.  
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Figure 4-1: General vision of the 3PE model of execution level 
4.2.1 Product element at execution level 
Product: all the physical items. 
1. Machines: this includes machines used for production. Both direct value added or non‐
direct value added machines (i.e., CNC machines, reactors, pumps, compressors, etc.) are 
included. 
2. Equipment: this includes all the equipment which are not used in production (i.e., 
computers, phones, testing devices, forklift, etc.) 
3. Tools: this includes all the tools used to do the job, such as production tools, maintenance 
tools, inspection tools, etc. 
4. Safety gear and uniforms: all the safety equipment and wares, which are required for 
protection when the job is performed or in case of emergency. 
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5. Physical connections: this includes all the connections used to connect the production line 
to a power source or connect the production line components such as pipe lines, wires, etc. 
6. Spare parts: the spare parts can be divided into those for production and those for 
maintenance. The production spare parts are basically the parts that are normally consumed 
during production as part of the production process like, for example, screws, seals, etc. 
The maintenance spare parts are the parts that are only used during the maintenance 
process. 
7. Materials: include all the materials used during production and maintenance, such as sand 
belts. 
4.2.2 Process element at execution level 
Process: all non‐physical items will be under this category. 
1. Operation instructions: this will cover all the procedures of operation, such as setup 
instruction, instructions on how to operate the unit or machine, the operation parameters, 
etc. Practical experience and the literature review indicate that operation instructions 
should be clear and the simplest language and phrases should be used. Also from 
professional experience, combining the instruction steps with clear pictures and drawings 
will have a significant positive effect on the operator understanding. The operation 
instruction should give a clear handy reference to be used at any time by the operator. This 
could considerably reduce the percentage of operation errors and improve the operation 
performance. All the signs and names of the items, buttons and components that are 
mentioned in the instruction should be clearly, visually marked and labelled with the same 
terms as in the instructions. The operation instructions should have all the details required 
for safe operation and should be placed in a known and easy-to-reach place for the operator. 
The instructions should be continually updated and reviewed over time as a standard 
operation procedure. Operation instructions should have a detailed explanation of the 
production strategy and policy, like, for example, if the production is following a time 
strategy only, how this strategy is practically implemented and fits with the current or daily 
operation practice. 
2. Maintenance instruction: this should instruct the technician about how to perform 
maintenance and troubleshooting. This should clearly instruct the process of protective 
(scheduled), corrective and proactive maintenance. The process should use simple to 
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understand language combined with indicated pictures and drawings where possible. The 
instructions should always be updated as part of the maintenance policy. They should 
include a clear explanation of the maintenance policy. 
3. Safety procedures: this should include all the safety procedures and policy inside the plant 
and also clear instructions for a state of emergency. Furthermore, it should comprise a 
description of the safety gear and how it can put on and operated. It could be a good idea 
to mention the amount of protection that the safety equipment provides so that the staff is 
motivated to wear them. 
4. Handling instructions: this could be part of some of the previous instructions as it falls 
under all of them but in some industries, handling is a critical process. Therefore, handling 
instructions should cover all the handling procedures and policy. They should clearly 
indicate the handling parameters and use simple language combined with pictures and 
drawings. It is more important to include pictures and drawings in this set of instructions 
because handling usually has greater varieties and critical orientations. 
5. Schedules: this basically is the scheduling information for operation, maintenance, delivery 
and training. 
6. Quality requirement: this will cover the quality requirement for operation, maintenance 
and products. Also, it could include quality requirements for all workspaces. The quality 
requirements should indicate the quality policy, objectives and vision. They should be 
updated as part of the requirements. It can be part of the total quality management system 
of an organization. The process level and management level share the same quality model 
mentioned earlier. 
7. Quality procedure and inspection criteria: this should cover the quality inspection detail 
procedure and instruction for individual processes or products. This could be applied to 
operation, maintenance, safety and the final product. 
8. Drawings: there are different types of drawing. Production drawings, which show the 
product specifications. Operation drawings, which clarify or further explain the operation 
process, such as how to operate a machine or a program and the operation layout. 
Maintenance drawings, which are the guidance for the maintenance process and machine 
structure. Also, there are safety drawings, which show the emergency exists, safety 
equipment and how to wear the safety gear. 
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9. Programs: this means the computerized software, which is used to run or assist the worker 
to run processes, machines, or even communicate either to fellow workers or higher 
management. It can be classified in three main streams: 
a. Operation and management programmes: which cover all the programmes for 
operating or managing a process. For example: managing quality, control 
parameters, etc. 
b. Communication and recording programs: this will cover all the programs used to 
exchange or store information, for example: SAP, PRONTO, HR, etc. 
c. Training programs: this means the programs used as educational and training 
references for workers. Even though it is not common at this level, there are some 
companies starting to keep this type of software in a library, which is accessible by 
all workers to be used as a reference and skills improvement tool. 
10. Recorded data and history: this is a very important asset to keep, maintain and update 
because it provides important information, which should be obtained or actions taken. 
Literature and filed observations show that it is a reference point for decision making. As 
the organization progresses over time, it will start to build a library of records. The records 
contain information about operation, maintenance, performance, demands, etc. This 
information should be categorized, maintained and updated in a manner where it is easy 
for the user to get the needed information in a minimum time and in a clear format. For the 
process level, the types of records that need to be accessed are the maintenance, operation 
history, product data and stock items. 
11. Training: this contains all the training contents, requirements and development for process 
level workers. 
4.2.3 People element at execution level 
“People” means all the humans working in the level or having an interaction with the level. 
Literature and case studies show that people are the most dynamic assets an organization can have. 
Supporting skills improvement and developments could be one of the main challenges facing 
system support engineering as people vary in learning abilities and capabilities and motivation for 
development. In addition, people can leave or quit at any time. Support systems for people should 
consider changes over time and the requirements for further development and introduction of new 
products or upgrades and integration, plus innovative new management methods and work cultures 
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to accommodate the need for development and performance. The design of support system for 
people aims to introduce a long‐term solution to support the human asset ability to perform the 
requirements with minimum cost and in the most sustainable way. In this level, the support system 
will look at how to support operators focusing on the operation point of view. Also, it will aim to 
improve the maintenance skills of the maintenance ‘specialists’, whether they are internal or 
outsourced. In both types of support systems, emphasis is mainly on design considering the most 
cost effective sustainable outcomes. 
The capability and rules of occupational health and safety officers are one of the key factors in 
avoiding the loss of the human assets and maintaining a better shape of this asset. Systems support 
engineering should design a sustainable systemic technique to ensure the continuing circulation 
and escalation of knowledge between people in order to sustain them and increase their economic 
value. 
4.2.4 The communication between the assets within the environment in execution level 
The communication efficiency and effectiveness between the assets is a key factor towards full 
integration and better holistic performance outcomes of the system. A previous five case studies 
conducted by Seshasai et al(Seshasai et al., 2005), in which the studied companies have a particular 
focus on providing knowledge intensive engineering services to customers, showed that a 
communication framework could be used to assess the sustainability of the virtual enterprise and 
assisted supply chain partners to consider whether they should invest to attain the acceptable level 
of competency to join. The same concept could be applied in the support system case, but between 
the three elements within the support system engineering framework of an organization. Therefore, 
the nature of communication should be identified in order to select an appropriate communication 
method, procedure and tool to ensure the effectiveness and efficiency. The categories of the 
communication between the assets are discussed below. 
4.2.4.1 Between Product – Process 
The communication nature between the product– process is divided into three main types: 
1. Order and information feed: where the software will tell the machine what to do and how 
to do it. Also, the machine can feedback the software to adjust itself or be adjusted by a 
third party. 
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2. Monitoring: for this the software usually screens for two things: the machine outcome and 
status. The machine status can be monitored for in operation control and onsite 
maintenance assessments. The direct outcomes are observed in order to ensure quality and 
production level. This could also work the other way around, where the hardware becomes 
the indicator of the software accuracy, efficiency, reliability and performance.   
3. Interface: in some cases the software is just the interacting point of the hardware. 
4.2.4.2 Between Process – People 
In the process level the relation between the process and the people is classified in two streams: 
1. Information providing: as is shown in figure 4-1, the process cotenants provide the people 
with reference, guidance and education. Therefore, it is important for the system support 
engineer to ensure that the communication system is clearly displaying understandable and 
easy to find information. 
2. Recording: this requires a clearly identified recording format. This format should give 
attention to important information. The system format cannot exactly tell what the 
important information is as they are different from process to process but it could highlight 
the classification of the important information by following some sort of grouping 
technology. 
4.2.4.3 Between People – Product 
The interaction nature between product and people in this level depends on the activity performed. 
In some cases there is a clear boundary between people and product, for example when operating 
a machine. However, sometimes they act as one component, for example when a technician wears 
safety gear. 
This relation could be classified in three types: 
1. Operation: in this relation the borders between the two assets are clearly featured and 
controlled. This is commonly known as man‐machine interface (Edwards, 1972). It also 
covers other activities like monitoring processes, changing dyes and making tools. Here 
system support engineering is the aim that will concentrate mostly in decision‐making and 
interface display to avoid errors. 
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2. Maintenance: this is about the people who maintain the product. The rule of system support 
engineering is to optimize this process to maximum cost‐effectiveness, either in managing, 
designing or engineering. 
3. Protection: this mainly relates to safety and occupational health, where the hardware should 
provide maximum protection at all time. The rule of system support engineering is to 
develop methods to ensure that hardware and human are in contact at all times. 
4.3 The management level 
In this level all the detailed transformation of strategic objectives and vision is carried out. The 
management level has the same asset classifications as the process level but with different 
perspectives to suit the activities of this level. This level acts as the supervisory level of the process 
level and has a higher overview. All the assets work and interact in the designed working 
environment to support all their activities. The system support engineering rule is to ensure that 
the environment is designed and made in a way to support the maximum optimization of the assets’ 
activities. This will be through clearly identifying the types of activities accomplished by assets. 
 
Figure 4-2: General vision of the management level assets and activities 
57 
 
4.3.1 Product at management level 
The product at the management level has the same definition as at the execution level and is 
divided into three main types: 
1. Equipment: this includes all the equipment that are not used in production or maintenance 
(i.e., computers, phones, printers etc.). 
2. Tools: the tools of the management level are different from the process level. The tools in 
this level are all the machines and instruments used for testing, verifying, examine and 
designing, for example: a dynamic testing machine, an infrared scanner, etc. 
3. Safety gear and uniforms: all the safety equipment and wares, which are required for 
protection when the job is performed or in case of emergency. 
4.3.2 Process at management level 
This is basically all non-physical items. The process in the management level is grouped into: 
1. Reports: in this category are all the feedback and the orders of all activities. The deference 
between this category and the recorded data and history is that reports are about the in-
progress and non-conforming activities. The recorded data and history include the details 
of all completed tasks and processes. The main aim of a report is continual documentation 
in fast and easy ways to find during in‐progress activities. This will cover the aspects of 
operation, maintenance, quality, training, supply and design. 
2. Plans: under this category are all the tactics of the activities over a specified period of time. 
These tactics are considered as the source of the detailed schedules in the process level. 
These plans should cover operation, maintenance, quality, resources, design and training. 
3. Quality: this will comprise all the quality necessities and standards. The quality for the 
management level is not about ensuring inspection only. It also covers benchmarking, 
performance, management and quality design. It should contain a systemic procedure of 
quality practice, for example, a training quality system, a management quality system, an 
HR quality system, etc. It is important to note that the quality in the process level is 
extracted for the quality of management level. Figure 4-3 shows a quality management 
model, which could fit to the SSE model. This model could be implemented through the 
management and process levels of the SSE model. 
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4. Designs: The designs can be product designs, process designs, tool designs, system designs 
or training designs. The designs information should be stored in a unified format. Also, it 
should have an identity clarification accesses gate where anyone who accesses this 
information is identified before obtaining the requested design information. The design 
section should have design instructions and procedures to be used as a reference. 
5. Programmes: this category covers all the computer software. 
6. Recorded data and history: this has the same description in the management level as in the 
process level. It is related to all the preformed and finalized tasks. The main difference 
between data recording and reporting in the management level is that recorded data is dealt 
with as reference data, not as a feedback or order data. It usually affects long‐term or 
planning decision‐making and judgment. It should be structured based on activity relation. 
 
Figure 4-3: The quality management model 
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7. Training: all the education and skills improvement related materials. Figure 4-4 shows a 
case study in which operation data of a plant were recorded continuously through active 
observation. 
 
Figure 4-4: Remote interactions through high tech communication (Mo, 2002) 
4.3.3 People at management level 
The people in the management level are all the specialists, managers, engineers, etc., but not the 
executives and directors. The conceptual definition of people is same as the people definition in 
the process level.  People in the management level are responsible for transforming overview 
strategic decisions, visions and plans to implementable detailed instructive activities and 
schedules, which can be executed by the process level. Here the management culture will play a 
big role in people performance and sustainability (Huselid et al., 1997). The support system for 
the people in this level should concentrate on supporting the organizational understanding and 
effective working culture of the people asset. The support system engineering will look at 
developing a support system, which can identify common themes for the purpose of solving 
problems and maximizing efficiency and productivity within the people asset. Literature shows 
(Hyard, 2012) that academia has provided theories, which can give a theoretical foundation for 
development, such as organizational theory studies. Most of the developed theories look at the 
development, behaviour and psychology of the human. However, none of them actually give any 
generic framework for people system support in modern complex industry where a long‐term 
solution could be extracted.   Therefore, the generic framework of a people support system will be 
part of the development generic framework of the system support engineering. The development 
of a generic framework of people system support engineering for the management level will be 
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achieved through employing organizational theories with case studies and by extracting industrial 
domain knowledge. 
4.3.4 The communication between the assets within the environment in management 
level 
The efficiency and effectiveness of the interaction between the assets in the management level has 
high importance (Lee et al., 2012b), as the management level is the central processor of an 
organizational body. 
4.3.4.1 Between product – process 
The nature of the interaction between the product and the process in the management level is 
performance feedback and monitoring relations. As the nature of the mentioned relation is quite 
broad, it will be classified in the following categories: 
 Systems Design and implementation: this involves defining and installing the architecture, 
components, modules, interfaces and data for a system to satisfy specified requirements by 
using physical design, which is based on identified logic. This physical‐logic compensation 
will build up the system, which has expected inputs and outputs between the hardware and 
the software. There are some theoretical principles that could be used and employed as a 
start point, such as General System theory, developed by Von Bertalanffy (1969), Miller’s 
living system theory and Beerʹs viable systems theory. They give nice hints for system 
thinking. However, support system engineering is intended to simplify this process as the 
inputs and outputs are clearly defined through the physical system based on well‐
established practical logic. It is necessary to keep in mind that the developed system in 
long‐term solution is dynamically enough to accommodate with the technology changes 
and change of demands. System support engineering will employ the knowledge of system 
engineering and system dynamics. 
 Virtual Prototyping (Guimarães et al., 2012): this process is visualizing the support system 
for communication between the hardware and software asset. 
 Testing and verification: this could be for the relation between the people and software or 
between people and product. It can also be applied in some cases to the interaction between 
the product and the process through validating and verify the support system to support the 
interface between these two assets. The validation will be based on Design Qualification, 
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Installation Qualification, Operational Qualification and Performance Qualification. The 
validation can be grouped as follows: 
o Prospective validation: this checks that the characteristics of the interests are 
functioning properly and meet safety standards (Bagherpour and Noori, 2012). 
o Concurrent validation (Dandy, 1985): this can be applied to the routine check 
process of system support engineering to validate the alliance between the hardware 
and the software. 
 Quality Function Deployment: QFD could be used to transform an asset’s needs into 
engineering characteristics for the system support engineering, prioritizing each support 
system characteristic while simultaneously setting development targets for the support 
system. This will help to identify the asset requirements to serve the customer needs and 
will explain how the software asset should communicate with the hardware asset. Figure 
4-5 shows the QFD process in SSE. 
 
Figure 4-5: Quality Function Deployment for SSE 
 
 
 
Inputs / feedback  
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 Simulation: in high‐risk industries (i.e., power) interaction simulation is a useful tool for 
examining the interaction between the hardware and software assets. It will give a vision 
for system support engineering in order to develop the support system for the hardware and 
software interaction. 
 Systems Integration: system support engineering concentrates on systemically supporting 
the integrated interaction between software and hardware assets so that all components act 
as a coordinated whole. 
4.3.4.2 Between product – people 
The relationship between product and people in the management level will have a higher level 
than a normal human‐machine interface. It is highly skilled knowledge intensive monitoring, 
operate, service and management. The interaction could be an onshore interaction (both assets are 
allocated in the same site) or an offshore interaction (remote interaction though high‐ tech 
communication). 
 Reliability and Risks Analysis: reliability analysis has important links with function 
analysis, requirements specification, systems design, hardware design, software design, 
manufacturing, testing, maintenance, transport, storage, spare parts, operations research, 
human factors, technical documentation, training etc. (Modarres et al., 1999). Effective 
reliability engineering requires experience, broad engineering skills and knowledge of 
many different fields of engineering. To some extent it is the most practical form of support 
engineering. 
 Condition Based Monitoring: from a system support engineering point of view, condition 
based monitoring is about optimizing system support maintenance. It plays a critical role 
in supporting preventative maintenance and product quality control in modern industrial 
operations (Wilkinson, 2009). Therefore, it directly impacts industries’ efficiency and cost‐
effectiveness. 
 Financial Risks Analysis: financial risk analysis is about cost effectiveness or financially 
effective choice. This analysis essentially tells the user if something is worth doing and 
what financial risk is involved. The indication of risk could be through qualitative and/or 
quantitative expression of probability of adverse events and impacts. 
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 Data Management: usually data management is more common in software‐human 
relations, but in some industry people in the system may collect the data directly from the 
hardware without a software interface. In this case the data collected should have some sort 
of consolidated format in order to enable management to make efficient use of them. The 
system support engineering should consider developing a systemic methodology of 
supporting data management. This should be part of the holistic system support. 
 Prognostics: in the people‐product relationship, prognostics aim to predict the time at 
which a hardware component will no longer perform its intended function. The support 
system engineering should include systematic support of prognostics estimation accuracy. 
4.3.4.3 Between people – product 
Most of the field studies and industrial visits showed that the interaction activities happened 
between the people and the process in the management level.  As these activities wildly vary, they 
have been categorized into the following activities sets: 
1. Decision Support Systems activities: the software providing people with the required 
information for decision‐making. This process could be made through identified 
methodology and logical presentation. This decision support system is the main interface 
between these two assets (Power and Sharda, 2009). Based on a wide literature review, 
decision‐making is achieved through a computer‐based information system and 
knowledge‐based systems. The computer‐based information system is a combination of 
raw data and recorded documents electronically stored and accessed. The knowledge‐based 
systems include personal or organizational knowledge with business models functioning 
jointly or individually to identify and solve a problem or make decisions. The role of 
support system engineering is to support the decision support system. This could be 
through supporting the logical system for the decision‐making system. System support 
engineering develops the data collection methodology and presentation, which link the 
collected data to engineering industrial domain knowledge in a dynamically updated 
system model. 
2. Information Systems: In this level many methods can be used as part of the information 
system or information exchange system. The information exchange mainly involves 
transferring information between sources to users. From the support system point of view, 
it can be informally defined as a system in which human performs work using resources to 
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support the production of a product and/or services for customers. The activities of the 
information system include but are not limited to capturing, transmitting, storing, 
retrieving, manipulating and displaying information (Kroese et al., 2011). The information 
system should give a full meaning to the user and implement the full set of user‐friendly 
interface rules. 
3. Decision Theories: the decision theory tries to provide the basis for making optimum 
choice. In the system support the optimum choice would be the one that delivers long‐term 
sustainable support. From a system support point of view the difficulties of making 
decisions are due to complexity of the system. Knowing and framing all the activities is 
the key factor that makes decision‐making and overviewing all the connected elements 
easier. This is also where all the possibilities can be listed and connected. 
4. Supply Chains, Logistics and Inventory control: a supply chain could include the activities 
of inventory control and logistics activities. In some cases they are separated into 
independent systems with its own controls to ensure the simplicity. The system support 
engineering will look at these independent systems as one supply chain system to be 
supported because they are highly related and dependent on each other. The support system 
aims to provide a long‐term sustainable support solution for the supply chain activities to 
increase the efficiency and effectiveness of the supply chain system. This will be through 
early design of the planned activities based on the generalized framework, which highlights 
the main activities and the nature of the interaction between them. 
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4.4 The Enterprise level 
The enterprise level contains all the Executives and Directors of an organization. They are the 
leaders and highest management of the organization. They prepare the vision, strategies and 
monitor the holistic performance of the organization (Figure 4-6). 
 
Figure 4-6: General vision of the enterprise level assets and activities 
4.4.1 The product at enterprise level 
The product in this level is very basic because activities at this level do not have much contact 
with machinery or equipment. The main physical items are safety gear and office machines. They 
are the standard requirements for office and communication protocols. The safety gear is usually 
used during site visits by the executives for routine inspections. Also, in some cases severance 
equipment is made available to be used by the directors. 
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4.4.2 The process at enterprise level 
The non‐physical items are manly reports, plans and feedback. Also in some cases the members 
of the executives’ team require customized software or computer programs to give them continual 
updates about certain projects or critical processes. The main software information is classified as 
follows: 
1. Overview reports: reports sent to the enterprise level from the management level. These 
reports should cover the full picture of what happened or what has been done in a specified 
period of time. These reports should give an indication to the executives about the overall 
performance of the units. Therefore, the report format should be designed to present the 
key performance indicators (KPIs) with a meaningful explanation. The explanation should 
give a clear idea but should not be too long. The KPIs in the overview report should present 
measures of the performance of a  unit in a specific time frame. The support system should 
be designed to ensure sustainability to the targeted KPI values. Also, the overview reports 
are exchanged between the executives for further discussion or analysis, even in some cases 
it is only for awareness. 
2. Strategic quality vision: this is a new term that has started to be heard in a lot in modern 
industries. This term is a mixture of strategic planning processes, quality concepts and 
vision. It basically feeds the strategic planning process with quality concepts to produce a 
quality vision. The quality vision should highlight where an organization wants to be 
quality wise. The system support is intended to provide a systemic approach to accomplish 
the quality vision. 
3. Programs: programs in this sense are all the computer software applications used as a tool 
to make decisions or perform an analysis. In some cases they are used to exchange specific 
information between assigned users. Moreover, some executives or directors require 
customized software to monitor specific task(s). 
4. Strategic training: the aim of training is to improve people skills to meet the needs to 
perform an assigned task or mission. As the vision and main strategies are developed in the 
enterprise level, the training strategy should be designed in the same way to meet the 
requirements on time. The rule of the system support in this case is ensuring that the 
development of strategic training is aligned with other major strategy developments. 
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5. Vision: vision is developed by the executives’ team to highlight where organization wants 
to be in the future. The support system targets a systematic approach to fulfil the vision. 
The support system is designed to support and organize the activities leading to the 
achievement of vision.  
6. Strategies: the enterprise level is responsible for developing the strategies. The meaning of 
strategy here is an overall action plan designed to achieve a vision. When preparing the 
planes, a synopsis systemic support approach is clearly outlined. The combination 
outcomes should clearly present logical action planes and their support activities in a 
systemic form. 
7. Strategic policies: the significance of strategic policy comes from the ability to align the 
organization’s vision. It is important to include a support system in the strategic policy to 
systemically sustain the path to the vision goals. Therefore, the strategic policy should be 
aligned with the support system policy to avoid any conflicts during operation. 
4.4.3 The people at enterprise level 
People in the enterprise level are the executive’s team and senior advisors. From the support 
system point of view their objectives are to develop and align vision, strategies and policies with 
the overall support system outlines. They are the communicators, decision makers and leaders. 
4.5 The information/data structure in System Support Engineering Framework 
The framework should provide the necessary categories for the SSE development in order to 
provide long‐term support solutions for in service or planned maintenance assets. The framework 
provides three increasingly detailed views or levels of abstraction from three different 
perspectives. It allows different people to look at the same system from different perspectives. 
This creates a holistic view of system support. 
First, there is a need to find a way to arrange the information before fitting it to the framework 
diagram. Then the structure will be used to fit the information in the framework considering the 
level of detail required. This aims to provide the basic building units for the framework. At this 
stage there is no final arrangement until the verification is finalized in order to define the SSE 
categories. However, the detail of the information will increase as it is passed to lower levels. This 
mean the enterprise level will pass order information, such as the development vision, future 
upgrades and growth, general goals, etc. Then the management will analyse this information, make 
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plans and add the implementation details. After approval from the enterprise level is confirmed, 
the management will pass the detailed jobs or tasks order information to the shop floor or 
processing level. 
The feedback process is included but is another way around. The shop floor level will provide 
detailed feedback to the management level. Then the management levels will either take immediate 
action if required or if the task is completed they will store the detailed information and pass 
overview feedback to the enterprise level. 
The information between the levels will be passed through an information exchange system 
(Figure 4-7). Orders will be passed from higher to lower levels to be processed. The feedback will 
be the other way around. The details will increase as they go down the levels and will be 
summarized as they go up. The decision of what information needs to be included in the feedback 
summary or detailed order is based on the goals needed to be achieved for the task and the KPIs 
for evaluation. Both detailing and overviewing should meet these requirements. The information 
structure or format is the same as the table shown earlier. 
 
Figure 4-7: Information exchange system 
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5 Case Study 1 (ORPIC) 
5.1 Introduction 
Refinery stakeholders are demanding more value out of their asset by ensuring sustainability in 
operation. These include availability, readiness, extended operation and other value schemes. 
Literature shows that complex engineering industry is proposing the whole of systems approach 
to satisfy customer’s needs. Support systems have to focus on links, interactions and the alignment 
of the elements (ALSaidi et al., 2012). As the refinery stakeholders intend (in some cases have 
done so) to outsource the support service and activities, the service provider will take significant 
part of the risk of sustaining capabilities of the refinery for the duration of the service contract (Li 
et al., 2009, Feng et al., 2011, Lin and Ma, 2012, GÖRg and Hanley, 2011, Bustinza et al., 2010, 
Lee et al., 2012a, Cai et al., 2011). In other words, the performance of the refinery will relate to or 
will directly be affected by service of support provider(s). It is to the interest of the refinery owners 
(operator) that the refineries do perform as they wish. Hence, the relationship between the support 
service stakeholders should be clearly drawn and understood in regard to the implication and the 
nature of performing together to get the most out of the system. 
The case study 1 explores the operation support system from a range of perspectives by 
interviewing managers from across the refinery organization. The proposed generic architecture 
in this research was applied in real case scenarios as part of verification process. The factors 
contributing to complexity of a support system are described in the context presented in this thesis, 
which clusters them into several key areas. This will include illustration of information exchange 
and gives generic understanding of how to provide a unified information arrangement. 
The problems of aging of a refinery and change in feed quality (crude oil) will lead to continuous 
increase on the number of contractors and processing units. This increase forces the refinery’s 
operation management to design a strategy which can manage these changes. Furthermore, an 
accurate performance measurement and risk evaluation processes must be developed in alliance 
with the support system development. 
Literature suggests that it could be useful if researcher priorities feedback information based on 
the importance of each feedback route which could be difficult in this case. Instead the number 
and size of inputs and outputs of each route was considered to be the important indicator. The 
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second strategy is to analyse outcomes of the complexity. Using cause map as a step toward system 
dynamic modeling (Woodside, 2010b). Such cause maps will highlight the corresponding 
communication routes of real-life complex practice in the studied support systems (Figure 5.1). 
 
 
Figure 5-1: A generic cause map (event-reaction) for the studied refinery
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5.2 The Case Studied Refinery 
The Refining process is simply producing petroleum products and by-products by treating crude 
oil (Fahim et al., 2010, 2010, Chaudhuri, 2010a) through three key processes: distillation, 
conversion and cleanup (Figure 5.2). The clean-up process is mainly removal of sulphur. 
 
Figure 5-2: A general layout of a refinery 
Sohar refinery is owned and operated by Oman Oil Refineries and Petroleum Industries Company 
(ORPIC) Figure 5.3.  
ORPIC Created from the integration of three companies(Company, 2011) : 
1. Oman Refineries and Petrochemicals Company LLC (ORPC) 
2. Aromatics Oman LLC (AOL)  
3. Oman Polypropylene (OPP)  
ORPIC is one of Oman's largest companies and is one of the rapidly growing businesses in the 
Middle East's oil industry. It employs more than 1,600 employees ((GPCA), 2012). Sohar refinery 
is a combination of three major complexes: 
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1) On-Site Process Units 
Units where all chemical reaction occurs  
2) Utilities Facilities  
• Power Plant, Electricity Receiving and Distribution System. 
• Sea Water Intake Station 
• Water system. 
• Steam and Condensate system. 
• Fuel Gas and Natural Gas System. 
• Instrument Air and Plant Air system. 
• Nitrogen System. 
• Chemicals Preparation and Injection Facilities  
3) Offsite Facilities (Chaudhuri, 2010c) 
• Feedstock & Slops Tankage 
• Product Tankage 
• Marine Loading 
• Truck  Loading 
• Waste Water Treating System 
• Sulfur Granulation  
• Bagging System 
• Others  
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Figure 5-3: Overall process flow diagram for Sohar refinery 
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Sohar Refinery is the heart of other chemical industries complexes in the Sohar port site, where it 
is the main supplier of their raw petrochemical materials. Hence, Sohar operational performance 
is more critical than other companies in the group In order to meet functional demand by the end 
users, the capability and efficiency of the system should keep increasing (Mo, 2011). As a result 
of that, the management of Sohar Refinery needs to measure the performance of the support system 
to insure the operation meets the demands. Performance measurements depend on good operation 
support data that are analyzed with sound methods and translated into information and knowledge 
allowing decisions to take place.  
To identify what parameters to measure, it is necessary to first understand what to change in order 
to improve performance and subsequently, identify what the measuring parameters are.  
After an on-site investigation, data analysis and staff interviews, the main challenges were found: 
 People working behavior and culture understanding and training within organization.  
 Process and system integration and harmonization as whole coherent systemic 
approach.  
 Maintaining ongoing performance sustainability and improvement.  
Based on the previously identified challenges, the refinery management agreed to set an 
improvement target (see Figure 5.4)  
 
Figure 5-4: Management view of transforming operation support system 
This supports the indication of a need to develop a structure that practitioners in the refinery can 
use to help in designing a support system for operating refinery as a long-term service that 
maintains optimized performance and achieves the best return on investments. This structure 
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should integrate industry domain knowledge to create and deliver a specific support solution for 
in-service refinery, as the circumstance requires.  
Classical techniques in refinery management involve performance monitoring, process control and 
fault diagnosis techniques that aim to determine the limit of the unit’s service life. Theoretically, 
replacement should be made at the time when the unit facility is about to fail so that the full service 
value of the unit can be utilized. However, this is not possible as modern petrochemical processing 
systems (Chaudhuri, 2010b) are of increasing complexity and sophistication. Many other factors 
are governing the operations of the refinery. Most of these factors such as opportunity costs or lost 
customers are difficult to quantify and measure. Decisions such as asset replacement, upgrade or 
system overhaul and strategy transformation are in many respects equivalent to a major 
investment, which is risk sensitive. Therefore, solution centered proposition is needed in order to 
safely conduct transformation. Whither this transformation is technical or managerial. 
5.3 Concepts of system support engineering applied to the case study 
It is proposed that system support concept could be a guide in providing a systematic modeling 
approach (Mo, 2009). Therefore, a proposition was made to apply the generic architecture of 
system supports engineering on designing operation system support of the refinery.  
SSE concept involves the integration of service and system engineering to design support system. 
It incorporates a core knowledge base, drawing upon principles derived from a wide range of 
business and engineering disciplines. SSE is “solution centered”, delivering output solutions which 
are a mix of service and product. Service is a dynamic and complex activity. In all services, 
irrespective of industry sectors or types of customers, services are co-produced with and truly 
involving consumers. In support system, service engineering and system engineering are used 
together as critical knowledge agents to guide the solution design. Service engineering emphasizes 
customization of solution designs to meet service needs, while system engineering accentuates 
technical performance of the solution. “Service and Support” is a strategic business model. The 
customer/supplier relationship is different from those of transactional service offerings where 
interactions are limited mainly to episodic experiences. In this model, the interactions with the 
customer are enduring, like the systems they support, and a support system seeks to cement a 
constructive long term customer relationship. To simplify this process, a generic architecture of 
SSE was drawn by employing a empirical research (ALSaidi and Mo, 2013b).  
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The system support engineering model could systemically empower the application and 
implementation of ORPIC practical modern strategies, through clearly indicated, the level of 
details, interaction elements and the operational environment. As ORPIC is intending to: 
1) Employ highly skilled, trained and experienced employees who have the ability to 
respond to the pressure of change. Moreover, they are expected to keep up with 
dynamicity of the system and in many cases, uncertainty. They should be able to use 
the available information to deal with what the day could eventuate on them. This 
requires that the employee should clearly understand how the system works, interact 
and manage information flow routes and format. 
2) Adopt experience and knowledge sharing systems and exercises.  
3) Increase the rule of cooperation to the extent of partnership with its main stakeholder 
especially licensers and contractors. This basically aims to increase the focus and 
operation, especially those of the organization. This could positively reflect on the 
quality of the performance. Moreover, the partnership aims to cut off or minimize cost 
by introducing saving on some activities, and strategically get continuous feedback and 
suggestions form the key stakeholders in order to keep the door open for extra business 
opportunities. This requires a clear understanding of interaction and communication 
routes, methods and format. Also it requires a clear identification of each party 
obligations, responsibilities and expectations in case of an extraordinary event. 
4) Adopt holistic systemic approach to support high performance units and reduce the 
uncertainties. 
The benefits of the system support engineering model in relation to ORPIC needs and strategies 
are:  
A. The performance elements in the system are independently measurable. 
B. The measures are meaningful to people who use them by capturing a dimension of their 
performance in a way that they can understand. 
C. The measures are continually evaluated with reference to the organization’s short and 
long term goals. 
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D. The measurement method will depend on the measured element where the most 
suitable and accurate method will be performed on the element. Later, all the results 
will be collected together to have an aggregated performance analysis in order to 
measure the system’s overall performance.  
This process may sound very lengthy but its effectiveness and the process will speed up as the 
practice continued. 
In the case of contracting, the system support framework is used to identify and undertake 
relationship with each element. Inevitably, the planning process begins by identifying the 
requirements and the operation environment, and then by simultaneously considering the 
requirements changes over time and contribution potential of customers. 
5.4 Results and Discussion 
Literature says that usability of process models is associated with its simplicity of understanding 
(Mendling et al., 2010). The research framework in this thesis provides three closely detailed views 
or levels of abstraction from three different perspectives. It allows professionals to look at the same 
system from different perspectives. This creates a holistic view of system support. The framework 
in this regards helps to: 
 Guide to set requirements identification procedure for the development process of an 
operational support system in the refinery. 
 Provide an overview of the behavior vector of support system development process and 
clearly drawn relations between elements.  
 Capture the strategic decisions, inventions and engineering trade-offs. 
 Give an appreciation of technical and commercial issues which are linkable from the 
maintenance and operation point of view. 
 Be automated into the Enterprise Resource Planning (ERP) system. 
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5.4.1 Outlining the whole process 
A standard development procedure was proposed as shown in figure 5.5. This process schematic is completed by applying the philosophy of 
the SSE and detailed discussion with the professionals engineers in the refinery. 
 
 
Figure 5-5: Overview of development process using the SSE concept 
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The overview process outlines the inputs and outputs flow during the developing processes of a 
proposed system. The process contains six main steps: 
1) The initial proposal: where the project is proposed with the aim, main objectives, scope 
and expected outcomes.  
2) Initial approval; this stage is to get the resource approval to fund further study and 
investigation. 
3) Risk and viability study: this is to identify the risk associated with the project. The risk is 
usually divided into three main streams: cost, technical and occupational. The meaning of 
occupational is health, safety, environmental impact and legislations. The risk study is 
supported by the outcomes of the detailed risk analysis process shown in Figure 4.6. The 
viability process is based on the adopted business model and the market study which is an 
optimized combination of the current and forecasting market situation and employing the 
methodologies of business transformation mentioned in the literature.  
4) Final approval: this is the approval for the project to kick-off and assigning resources for 
the project.  
5) Design and implementation: in this process the detailed design is finalized and 
implemented. This process is explained in more details later and is shown in Figure 4.7.  
6) Support system in-service: this process is mainly to ensure that: 
a. The operation and performance is sustainable. 
b. The monitoring process and instruments are effective. 
c. The data are recorded correctly in order to contribute and feed the Data Bank 
Knowledgebase.  
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5.4.2 Risk analysis 
Uncontrolled events are the supreme challenge that any system designer or operator could face. 
This could happen in three main areas for the refinery: cost, technology and operation. According 
to the ISO 31000 (2009) /ISO Guide 73:2002, risk has been defined as the “effect of uncertainty 
on objectives”. The analysis method or procedure is a key factor and a tool for system evaluation 
(Lock, 2012). Consequently, a standard risk analysis procedure (shown in figure 5.6) was 
developed to consult the risk study progression. 
 
Figure 5-6: Risk analysis procedure 
Risk tolerance will depend on the criticality of the unit or process that the support system is 
designed for. In fact all the mentioned categories of risk are interconnected to each other and 
directly affecting each other. Therefore they are analyzed in parallel. The risk analysis process is 
built into four main stages: 
1) Risk Identification: is fed from detailed risk investigations. These investigations are 
categorized into three main streams: 
a) Cost risk investigation: it has been found that price the refinery system is complex. 
As a result, the cost analysis would be a bottom-up approach to allow effective cost 
allocation when disintegrating systems, subsystems and elements to the appropriate 
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level of inquisitiveness. This approach is delineated based on the SSE Framework. 
It should analyze:  
 The Cost-effectiveness and efficiency. 
 Cost-utility. 
 Cost-benefit. 
b) Technical risk investigation: Technical risk is a major factor to be considered in the 
acquisition of refinery capabilities. While the application of developmental 
technology offers potentially significantly enhanced capability over existing 
systems, it can also lead to excessive delays and cost blow-outs.  Example of that, 
is delivering on specification product to consumer (i.e. off-spec quality) and work 
is not delivering the right operation, maintenance and support to sustain the 
profitability of the operation. The technical risk analysis is aiming: 
 To understand the origin and level of technical risk. 
 To check that the project strategy and resources are appropriate to 
the level and type of technical risks. Also, propose how the identified issues 
will be managed.  
c) Occupational risk investigation: in the refinery case there are three main tributaries 
of occupational risk. These are safety, environment and regulations.  
2) Risk response plan: after identifying the risk from erstwhile process, the risk response plan 
is prepared. The reason why the risk response planning is an independent process from risk 
analysis because they have different objectives (Chao et al., 2013). The aim of the risk 
response planning is to develop options and determine actions to enhance opportunities 
and minimize threats to system objectives. Also, it should assign responsibility to 
individuals or parties for each risk response. As an output, the plan should describe the 
types of incidents or crisis situations in which it will need to be used. It should outline the 
actions that need to be taken to limit the losses.  
3) Risk monitoring and control: this process in general is aiming to keep track of the identified 
risks and identify new risks arising during the development and the operation of support 
system. Usually there are more than one method of risk control for a particular problem 
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(Zhang, 2013). In the SSE model, the risk is associated with the 3P elements and the 
surrounding environment (E) could contribute to that.  
Recording: the recording process should comply with the overall recording process stated 
previously. 
5.4.3 Design and implementation process 
The third stage was to develop a standard design and implementation process to fit into the 
development procedure of a support system, with consultation of the refinery professionals. 
Investigations indicate that the standard design and implementation method should:  
 Organize and cover all the requirements in order to avoid misperception and shortage 
and minimize reliance on expert judgments. 
 Present the nature of the interaction and interface between the elements in the support 
system where it is clearly identified and gives a clear meaning to all participants.  
 Give an allocation for objectives and outcomes which are clearly defined and 
established. This will be structured for the decision-making process.  
Some of the key elements are the order information and feedback information, which are grouped 
in the same classification in each level (i.e., enterprise, management and process) with different 
detailed depths. This will provide an easier allocation mechanism for future reference. All the 
information should be structured in order to provide the basic building unit for the design and 
implementation method. Figure 5.7 shows the design and implementation method. 
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Figure 5-7: Design and implementation method 
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The standard design and implementation method contains the following: 
1) Proposal approval process: proposal approval is basically an assessment process. Literature 
stated that any assessment process which could affect a performance should refer to a 
reference model (Franceschini et al., 2013). In order for a proposal to be approved, the 
proposer should include a clear project scope or instruction. Also, they should assign a 
qualified team to lead and manage the project.  Both project scope and team information 
should follow the information guide line mentioned in the table shown in figure 8. 
2) After the project gets the initial approval, the first phase of the project is started. This stage 
is considered to be the theoretical preparation or framing of the project. It should give an 
answer of what the requirements are and as well as the available possibilities. In order to 
do so, phase one contains three sub-activities. These sub-activities are interrelated and 
conducted in parallel for time saving: 
i. As the project is primarily driven by the refinery industrial needs, a full 
understanding of the current state is required. This understanding is often achieved 
through context-specific study. Context-specific study is addressing the required 
objectives by the involved stakeholders (i.e. users, vendors, .. etc.) (Mohagheghi et 
al., 2013). SSE model is assisting this context-specific study and guides 
comprehending the available solutions and options. 
ii. Theoretical revision shows that action planning is a core step in developing any 
system. It was built on plan selection and plan evaluation (Bassett and Shandas, 
2010). This enabled consideration of how emerging technology may change the 
way engineering systems operated and changed over time (Farber, 2011). Even 
resent literature reached the conclusion the action planning should be built on 
specified architecture to accomplish healthier outcomes (Boehm et al., 2013). 
Consequently the action plan is developed with acquiescence of SSE model. 
iii. Benchmarking has been proved to be efficacious strategy employed by other 
industries (Shamma and Hassan, 2013, Neves et al., 2012, Iantorno et al., 2012, 
Löytynoja, 2012, James, 2012).  Moreover, literature shows that reviewing and 
evaluating the best practices is an influential approach to gain knowledge for new 
progress. Published studies shows examples of modern industries improved though 
85 
 
implementing benchmarking strategy (Yang et al., 2013). Hence the benchmarking 
was included in phase one. This exercise is aiming to give the practitioners in the 
refinery the knowledge required for the new proposed system. SSE was used for 
better benchmarking process employed by the practitioners during the study.  
3) The analysis for the final approval was built to mainly answer to questions that are of 
utmost importance for decision making in the industry. First question is about if the 
objectives are clear and most importantly achievable within the budget and time frames. 
The second question is about measuring what is proposed to the maximum possible 
benefits.  
4) Phase two is about moving ahead on implementing the permitted proposal. The impression 
of phase two is to answer two key questions. The first question is about the details of how 
the approved proposal will work and attain the established targets. Most importantly, the 
intention is answering the second question which is about how to sustain the implemented 
solution. The points that these questions are retorted are through performing the following 
sub- activities: 
i. The detailed design is about building details and matching every single output to 
required input. This is achieved through engaging the principles of system 
engineering design codes (Buede, 2011) with reference to the SSE architecture to 
identify the detailed principles of the design. There are more models available 
which could help making your designing process more creative (Gero and Maher, 
2013). In some cases, some parts (particularly parts regarding human interaction) 
of the support system is designed specifically for the refinery in order to provide 
transformative design solution. Then, modelling work will start with requirement 
engineering exercise to get the detailed requirement. Literature shows an examples 
of applying such strategy on implementing new system for different purposes 
(Meth et al., 2012, Andradóttir et al., 2013, Cheng et al., 2013).  After that the 
transformation of the design detailed conditions to design conclusions will take a 
place to suite the detailed task. These design conclusions should be built on 
knowledge-based engineering (KBE) methodology (Yang et al., 2012, Wu and 
Shaw, 2011) which is available from house expertise and contracted consultancy 
bodies.   
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ii. The implementation in this phase will be a combination of two main streams. The 
start-up stream is to magnify the details of the implementation plan. This exercise 
should not take long as it is built on the already developed knowledge from the 
preceding stages but it is essential to uncover any implementation out of sight 
details and to review the former activities. The implementation plan is mainly about 
the detailed methodology and planning or resources distribution for constructing 
the approved system. The second stream is simply preforming the construction.  
iii. Training usually starts immediately after the project is approved. Training plans is 
already prepared in phase one but the details of the training programs are fully 
completed at the early days of phase two. The reason is that the training is divided 
into four programs: design training, training for implementation, training for 
operation and training to maintain and sustain the system.  
iv. Piloting is basically running a safe to fail trail in the new system to reveal any 
hidden problems, and test the ability and the capability of the new system.  
v. Improving process is a natural result of any findings and discoveries for the piloting 
activity.  
5) Launching and sustainable performance is about monitoring the performance. This will 
aim to answer two main questions. First question is about how sustainable the performance 
of the system is. The second question is about how effective the monitoring of the system 
is. 
5.4.4 Information exchange 
The next step is to develop information structure format which will travel and carry information 
through the development process of a support system. Several versions of information structuring 
methods were developed and tested against the proposed or planned projects in the refinery. The 
table in Figure 5.8 showed the best results so far and was implemented by practitioners in a project. 
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Figure 5-8: an overview of information exchange structure 
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In the figure 5.8, litters are referring to process and procedures for confidentiality reasons such 
that they cannot be explained. The numbering is basically to indicate the order of executing. One 
means should be done at the start of the activities mentioned in the column and so on until all 
activities in the column are performed. Then start the activities in the next column. The direction 
is from left to right. The streams of information exchange are: 
1) Classification (highlighted green color). 
2) Authorization (highlighted red color). 
3) Study, design and planning (highlighted in blue color) 
4) Implementation planning, management and execution (highlighted in blue color) 
5) Inspection and evaluation (highlighted in blue color) 
6) Referencing and knowledge reservoir storage (highlighted in blue color).  
This will give a unified information arrangement construction where the information category is 
defined to avoid misunderstanding or confusion. 
SAP database can be shared by several functions in different functional units participating in the 
same business process. SAP technologies provide opportunities for improving collaboration 
among personnel from different functional units in their efforts to accomplish common business 
process. ORPIC wants to use SAP as a business support system that maintains a single database 
for the data needed for a variety of ORPIC business functions such as operation (production), 
supply chain management, financials, projects, human resources and customer relationship 
management. The management of the company in the case study (ORPIC) says that as SAP system 
is still under implementation process. They would like to consider using SSE generic architecture 
during SAP implementation as a tool to improve the way of enterprise data consolidation into SAP 
system so that the data can be used more clearly for other purposes, e.g. accounting, invoicing, etc. 
This plan has not been implemented by the company yet while this research was conducted. There 
is not enough time in this PhD project to wait until the company hopefully makes the final decision. 
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6 Case Study 2 – (TIECO) 
6.1 Introduction: 
Modern automotive industries are complex and very high in value and production varieties. They are 
expected to serve for years to come with ability to handle the change in technology and customers’ 
demands. Literature shows that the consideration for the sustainment of the system should be engaged 
at the very early stages of system development.  Asset stakeholders are demanding more value out of 
their asset by ensuring sustainability in operation performance. It has been revealed from the literature 
that complex engineering industry is proposing the whole systems (or system of systems) approach to 
satisfy customer’s needs.  
The performance of the asset will relate to or be directly affected by service and support provider(s). 
This leads to some sort of “performance based system support” (PBSS). The features of the (PBSS) 
are: 
 Payments are linked to performance scores of the support system. 
 Performance and efficiency linked to Award Terms.  
Companies which originally focus on the manufacture complex engineering products are facing new 
challenges to offer a new impalpable product. This product called “support system”. It requires 
important changes in the company’s physical assets, process and people to support their hardware 
outside the company’s environment. On the other hand, companies formerly maintain large teams of 
maintenance and support engineers find it difficult to transform into a properly operational enterprise 
with the fate of complex system being supported by an exterior party. This will require service system 
that can sustain the operation’s performance. Therefore, there is a need to measure the performance 
of the support system in the early stages of the system design.  
This case study examines the key features of the system support performance and their dynamic 
boundaries to understand how they should be managed, analysed and presented. Also, it explores the 
nature of the support system performance measurement and evaluation methods. The operation 
support system has been designed from a range of perspectives, taking into account the opinions of 
managers from diverse manufacturing organisations. It is proposed that the principles of the system 
support engineering architecture will be used to draw a structure of the PBSS which may then be used 
as a tool for analysis and management of performance of a support provider (or contractor).  
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6.2 Performance Based System Support (PBSS) 
In this chapter, the principle of performance based support system is presented. The idea of 
performance based support system was triggered when the literature reviews and industrial visits 
showed that Performance Based Contracting (PBC) is emerging as a favourable choice of contracting 
mechanisms in the modern industries.  This contracting model was also becoming favourable even in 
the public sectors (Kleemann and Essig, 2013, Beuren et al., 2013, Collins-Camargo et al., 2011, 
Kearney et al., 2010). However, the problem is how to structure the PBC concepts in details 
(Ssengooba et al., 2012) to serve and fulfil the technical need of a multi-faceted support system. The 
solution is found by employing the concepts of SSE as a practical way out, through creating a 
performance based support system (PBSS) from combining performance based contracting (PBC) 
philosophy and 3PE model of system support engineering as shown in figure 6.1.  
 
 
Figure 6-1: The theoretical approach of proposing PBSS 
The idea behind PBSS is that the support system will be awarded and valued based on the performance 
scored using the same general thoughts of PBC. Where a support system provider needs to engineer 
a support system that is sustainable, fits the purpose and demonstrates its value. This could be through 
incorporating the principle of the SSE architecture. The advantage of PBSS is sharing the benefits of 
all stakeholders of the business with a clear holistic view of the system.   As the efficiency of the 
performance increases more saving and profit are added to the stakeholders. It is important that an 
operating PBSS has defined and clearly written statement of work with achievable performance 
standard. The ability of measuring performance is to compare it to a set performance standard. 
Depending on the complexity introduced by the management, the contract payment terms can be 
described as a function of performance. Figure 6.2 shows the theoretical concept of a relationship 
between performance percentage and gained value in the PBSS.  
PBC SSE PBSS
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Figure 6-2: Theoretical relationship between performance evaluation and gained value in PBSS 
 
Where: 
 V = f {P} 
 V is the vector of values perceived by the support receiver. 
 P is the vector of parameters of the performance scoring by the support provider. 
 In the PBSS contract the value of “V” can be plotted against value of “P”.  
 The mathematical relationship could be presented as: 
 
 
V f (.) =   
 
 
 
 Mathematical Relation, expected performance (EP) < P 
 V=P ,   p = expected performance (EP) 
   Mathematical Relation, minimum tolerable performance (TP) ≤ P 
< expected Performance (EP) 
 Mathematical Relation, contract termination (CT) < P ≤ minimum 
tolerable performance (TP) 
 Mathematical Relation, maximum compensation (C) ≤ P ≤ 
contract termination (CT) 
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As shown in Figure 6-2, the system support provider is expected to deliver the assigned expected 
performance and be paid the full value stated in a contract between the service provider and receiver. 
If the system support provider achieves performance better than expectations, there is a bonus that is 
proportional calculated based on the defined mathematical relation between the scores and values. On 
the other hand, if the system support provider under-performs but the support provided is still 
tolerable, and then will get paid reducing value comparative to the scored performance.  However, the 
acceptance of performance should be considered as a whole over the period of the support delivery. 
There is a point “minimum allowable performance” where the scored performance is insignificant in 
value as the required outcomes cannot be obtained. Hence, the system support provider must ensure 
the required performance level in order to get complete pledged payment. Any less than obligatory 
level will result in reduction of revenue. The rate of reworded value reduction could be a linear or 
non-linear function depends on the complexity of the system support. In most industrial cases it is 
non-linear function as customer like to increase the performance penalty for the provider to encourage 
better performance.  In the case of termination, compensation is paid to the system operator or owner. 
The compensation is calculated based on how the performance of the asset is affected and failed to 
deliver the required function.  
6.3 Performance measuring methodology 
It has been indicated in the previous section that the rewarded value will be given based on the 
performance outcomes of the support system.  In this section the methodology of how to measure the 
performance of a complex support system will be presented in details. The performance measurement 
strategy is built on: 
1) Assumption for simplification that: 
a.  The relation between the scored performance elements (people, product, process) is 
linear mathematical relation. 
b. The operating environment has controllable effect on the performing elements. 
c. Element performance is independent for measuring purpose.  
2) Conditions that the addition of element weight or interaction values is equal to one in all cases.  
3) Performance score scale does not require to be unified.  
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Many approaches have been published on technology management (Liao, 2005, Phaal et al., 2006, 
Drejer, 1997, Phaal et al., 1998), and carried a lot of suggestions for management approach and 
structure with raising challenges and opportunities new product, service, process and organisational 
development (Cetindamar et al., 2009). Additionally, these publications provide an academic 
evaluation of the management tools (Brady et al., 1997, Maine et al., 2005). There are many 
performance metrics and assessment methods, techniques and packages are available (Jelali, 2006, 
Julien et al., 2004, Harris et al., 1999, Joe Qin, 1998, Harris et al., 1996). Effective multivariable 
identification methods need to be further developed. Literature shows that, the advantage of 
hierarchical build-up structure methodology is easier to handover information and knowledge 
(Walczak, 2005, Mihm et al., 2010, Wang et al., 2014, Ogiela and Ogiela, 2014, Mullins and Schoar, 
2013, Spencer et al., 2012, Yuan and Hipel, 2012, Wright and Pandey, 2010, Csaszar, 2012) with 
improving the ability to examine problems (Tseng et al., 2014, Kang, 2006). Subsequently, it is 
reducing the number of error or the error contributed to the final score in calculation. There is still no 
sign of using hierarchical build-up structure methodology as performance scoring and evaluation 
structure. Therefore, the structure of performance calculation was proposed and drawn as hierarchy 
structure so it will be easier to follow and include additions. Moreover, it is a more popular structure 
with most professional practitioners in the industries which has been visited and reviewed by many 
authors. The challenge is to formulate an equation to accommodate the elements in a simple format, 
keeping in mind the interaction and interface between the elements evaluated in the 3PE. Moreover, 
this formula should be generalized to all support systems which have a huge difficulty. After long 
surveying and reviewing performance measurement systems available in the literature, equation [1] 
was proposed. 
Equation 1 
P = αX + βY + ɣZ                     [1] 
There is a need to develop performance scoring and calculation generic structure. After an industry 
based investigation, it has been suggested a build-up methodology for performance calculation 
(ALSaidi and Mo, 2013a) as shown in figure 6-3. 
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Figure 6-3: An outline performance calculation method
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Where:  
 P is the Combined Achieved performance by People (X), Process (Y) and Product (Z).  
 α, β and ɣ are the weights or the factors and in some cases is the value of the element in the 
system which extracted from the interface and interaction evaluation. 
 1 =  α + β + ɣ 
 X, Y and Z are the performance scored based on the KPI’s calculated. 
 xn, yn and zn are the KPI score for that element. 
 wn is the contrition weight of that element or the KPI score.  
 1 = w1 + w2 + wn-1 +wn 
 E is the environment where all this elements are performing. Environment will have an effect 
or an impact on the performance of these elements. The environment factor could be included 
in KPI score marking.  
People, Process and Product are presented in this case study as “P” element in the system. The work 
in progress aims to identify a generic (standard) method how the value of α, β and ɣ in the support 
system could be identified. These values are identified based on the contribution percentage of each 
element in the system operation cycle.   
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The generic detailed elements in order to calculate the factor “People (X)” is presented in the figure 6.4 
 
Figure 6-4: Performance scoring and calculation outlines for people (“X” factor) 
Where “wn” is evaluated and distributed in each level separately from other levels but cumulative distribution weight for the calculated 
element or the interface effect between two elements,  as 1 = w1 + w2 + wn-1 +wn 
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The generic detailed elements in order to calculate the factor “Process (Y)” is presented in the figure 6-5. 
 
Figure 6-5: Performance scoring and calculation outlines for process (“Y” factor) 
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Where “wn” is evaluated and distributed in each level separately from other levels but cumulative distribution weight for the calculated 
element or the interface effect between two elements,  as 1 = w1 + w2 + wn-1 +wn 
In the same way, the generic detailed elements in order to calculate the factor “Product (Z)” are presented in the figure 6-6. 
 
Figure 6-6: Performance scoring and calculation outlines for product (“Z” factor) 
These structures of performance calculation give the ability to estimate the risks could be associated with each element and the service 
provided to it. This risk could be identified based on the work environment analysis. Therefore, the first step in the risk identification is to 
define the work or operation environment and in some cases even the business environment. This analysis is guided by the risk analysis 
process in SSE model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Product (Z) 
Operation (O) 
Pre-Operation (PO) 
(O) 
IN-Operation (IO) 
(O) 
Pro-Operation (RO) 
(O) 
Maintenance (M) 
Pre-Maintain (PM) 
IN-Maintenance (IM) 
Pro-Maintenance (RM) 
Quality (Q) 
Pre-Action (PA) 
IN-Action (IA) 
Pro-Action (RA) 
Safety (S) 
Protective (PR) Preventive (PV) Proactive (PR) 
Systemically  Elemental   
Communications 
& Data (C&D) 
Monitoring & 
Controlling (M&C) 
Updating (U) 
Storing & 
Recoding (S&R) 
Training (T) 
Pre-training (PT)   
IN-training (INT)   
Pro-training (RT)   
Z = W1(O) + W2(M) + W3(Q) + W4(S) + W5(C&D) +W5(T) 
O = w1(PO) + w2(IO) + w3(RO) 
M = w1(PM) + w2(IM) + w3(RM) 
Q = w1(PA) + w2(IA) + w3(RA) 
S = w1(PR) + w2(PV) + w3(PR) 
(C&D) = w1(M&C) + w2(U) + w3(S&R) 
T = w1(PT) + w2(INT) + w3(RT) 
Environment 
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6.4 The case study factory: 
The learning process always requires particular level and depth of understanding of the system. 
Literature shows that several steps should be taking in order to realize certain depth of understanding 
(Correa and Keating, 2003). Therefore as first step, the selected automotive industrial example aims 
to provide data for initial statistical testing for the proposed performance measuring method. The 
current practice data will demonstrate the suitability of our hypothesis to the industry. Based on the 
outcomes further progress will be preceded.  
The data were collected from an automotive parts manufacturer. Since there are a variety of processes 
which manufacture wide range of parts under legitimately complex manufacturing systems, a reliable 
and effective support system is required. Figure 6-7 shows the activities in the case study factory. This 
complexity gives a good case to study and a test of the developed theory. To keep the focus on the 
system support engineering and sustainability assessment of the performance case study, this research: 
 Provide Logical connections among the observed events,  
 Rely on knowledge of how systems preforms.  
 Investigate the relation of the Organizations and individuals work. 
Figure 6.7 shows the activities map of the example automotive factory. 
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Figure 6-7: Activities map of the example automotive factory 
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The performance observation timeframe has been established as shown in figure 6-8. The performance 
of people, process and product in the system was studied during standard operation timeframe of 480 
minutes per working day.  
 
(a) 
 
(b) 
Figure 6-8: studied performance time frame 
Data presentation and interpretation affect the outcomes quality of a case study (Silverman, 2011, 
Eisenhardt, 1989a, Woodside, 2010a). Generally speaking, simpler the presentation give better 
interpretation which leads to better outcomes. Therefore, the collected data were arranged in a basic 
table structure to simplify the information presentation. 
103 
 
In the industrial case, the percentage is calculated by drawing a process map each cell, then each 
operation then the whole system. Since the system is semi-automated, a process map could be drawn 
for each level in the organisation in reference to SSE model established previously.  Also, a process 
map can indicate the current overall performance position of the system being studied compared to 
the originally designed system. An example of a process map is given in figure 6-.9.  In the example 
it is noticed that process is interfering with both people and product.  This case could change according 
to the production or operating system for an engineering asset. 
The calculation of and the contribution of α, β and ɣ is depending on how the process map has been 
drawn and the practitioners evaluation. The common rules were given to the petitioners to be able to 
give a close estimate of the values of α, β and ɣ are: 
1) 1 =  α + β + ɣ 
2) The calculation should base on same evaluation scale for all element (i.e. timeframe, 
criticality, risk, ..,etc) 
 In the example the weights of α, β and ɣ are calculated based on time frame contribution for each 
element to the total production cycle time frame, as following: 
β = performance time required by the process in place / total cycle time 
α = performance time of the worker without process contribution / total cycle time in the process 
ɣ = 1 – (α + β)  
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Figure 6-9: An example of process map 
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The data gathering process was a lengthy process due to the complexity of the system and the 
cumulative calculations.  
In the industrial example each manufacturing cell was given a number. Then the series of 
manufacturing cells performing a task (i.e. operation) was given a number as well.  The data were 
gathered to indicate how much each element shared in the manufacturing process. Also, it needs to 
indicate the overall performance value and how much each element is really affecting this score. The 
data will then be used as a verification inputs in the established equation. 
In the case study factory, manufacturing cells are performing together forming the operation. 
Operations are performing together forming the production system to give final product which is 
delivered to a customer. Delivery is considered to be part of the production system in this case. 
Performance is valued based on established delivery categories.  Data from manufacturing cells which 
are performing an operation are gathered and averaged to give the system information of that 
operation. Then the total operations are gathered to give the data information for the whole system.  
Average system values of an operation are calculated by inserting the data into the following 
equations:  
 αOn = [∑ (αs1𝑘 n)] / k 
 βOn = [∑ (βs1𝑘 n)] / k 
 γOn = [∑ (γs1𝑘 n)] / k 
Average Whole system values are calculated by inserting the data into the following equations: 
 αM = [∑ (αO1𝑅 n)] / R 
 βM = [∑ (βO1𝑅 n)] / R 
 γM = [∑ (γO1𝑅 n)] / R 
 
 
 
 
Where “k” is the number cells contributing to that 
operation 
Where “R” is the number cells contributing to that to whole 
manufacturing system “M” 
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Example:  
This example is to demonstrate how the above technique can be used to find α, β and ɣ values. The 
part used in example called “EXHAUST ELBOW RH”. This part has three operations in its 
manufacturing progression. Operation one called fabrication and is built from four processing cells. 
Sconed operation called surface treatment and is created from three cells. The third operation contains 
only one processing cell. Figure 6-10 shows the manufacturing progression of the example part.  
 
Figure 6-10: manufacturing progression of the example part. 
The total time for cutting process is ≈1 min. People contribution to the cutting process is ≈ 0.45 min 
out of 1 min. product contribution is ≈ 0.3 of the cutting process. Process contribution is ≈ 0.25 min 
of the cutting process. Therefore, α is calculated 0.45/1 = 0.45, β is calculated 0.25/1 = 0.25 and ɣ is 
calculated 0.3/1= 0.3. Then in the same way α, β and ɣ for bending, grinding and welding are 
calculated. After that, α for operation 1 (fabrication) = [α cutting + α bending + α grinding + α 
welding]/4 = [0.45 + 0.56 + 0.5 + 0.65]/4 = 0.54. In the same way values of β and ɣ are calculated. 
And then by following same steps shown for operation 1, the values α, β and ɣ for operation 2 and 3 
are calculated.  
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The value of α for the total manufacturing progression is = [α operation 1 + α operation 2 + α operation 
3] / 3. Also, the value of β for the total manufacturing progression is = [β operation 1 + β operation 2 
+ β operation 3] / 3. Likewise the value of ɣ for the total manufacturing progression is = [ɣ operation 
1 + ɣ operation 2 + ɣ operation 3] / 3.  
The below table presents the values of α, β and ɣ for 36 products.  Note that the values are rounded 
to one decimal places 
Table 6-1: values of α, β and ɣ for 36 products 
product   α  β  ɣ 
1 0.1 0.1 0.8 
2 0.1 0.2 0.7 
3 0.1 0.3 0.6 
4 0.1 0.4 0.5 
5 0.1 0.5 0.4 
6 0.1 0.6 0.3 
7 0.1 0.7 0.2 
8 0.1 0.8 0.1 
9 0.2 0.1 0.7 
10 0.2 0.2 0.6 
11 0.2 0.3 0.5 
12 0.2 0.4 0.4 
13 0.2 0.5 0.3 
14 0.2 0.6 0.2 
15 0.2 0.7 0.1 
16 0.3 0.1 0.6 
17 0.3 0.2 0.5 
18 0.3 0.3 0.4 
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19 0.3 0.4 0.3 
20 0.3 0.5 0.2 
21 0.3 0.6 0.1 
22 0.4 0.1 0.5 
23 0.4 0.2 0.4 
24 0.4 0.3 0.3 
25 0.4 0.4 0.2 
26 0.4 0.5 0.1 
27 0.5 0.1 0.4 
28 0.5 0.2 0.3 
29 0.5 0.3 0.2 
30 0.5 0.4 0.1 
31 0.6 0.1 0.3 
32 0.6 0.2 0.2 
33 0.6 0.3 0.1 
34 0.7 0.1 0.2 
35 0.7 0.2 0.1 
36 0.8 0.1 0.1 
 
 
The factory’s officials decided to try the structure shown in figure 6-11 and to evaluate if this new 
method could have better accuracy on the performance evaluation outcomes. The proposal was to 
implement this method and then associate the outcome results with same period result from the 
currently in use QPM technique so as to validate this structure.
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Figure 6-11: Performance evaluation structure in the industrial example 
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The weight (Wn) values were given by agreed estimation from the practitioners in the factory.  Also 
the scores for X, Y, Z were given out of 100 points based on the company developed objective 
performance indicator for each element which is contributing to the factor. The performance indicators 
were based on the historical data recorded and updated to the observed date. Each industry would 
have it is own objective performance indicators. 
The objective was to suggest better use of these data in more systemic and analytical way. Figure 6-
11 explains how the scores are systemically fed to the performance equation [1]. 
1) Human performance (X): 
The human performance in this industrial case was a combination of two elements: 
 Availability to perform the task: was given by calculating the percentage of the person 
presence at work. This percentage is basically (recorded attendance time by the worker per 
month ÷ company operation time per month) × 100. Note that operation time is one 
standard shift (8 hours) per working day. 
 Task delivery: which is working efficiency (worker time to perform task ÷ standard time 
required to perform that task) × 100. 
Each element weight is 0.5. Hence, the human performance value (X) = [0.5 × Availability to 
perform the task] + [0.5 × Task delivery]. 
2) Product performance (Z): 
The product performance in this industrial case is a combination of: 
 Utilization: which is utilization percentage per month. 
 Maintenance: This is the percentage of down time of the product. This is calculated by 
[(standard working time per month – maintenance time) ÷ standard working time per 
month)] × 100. 
 Quality: which is calculated by (acceptable outcomes volume per month ÷ total outcomes 
volume per month) × 100  
 Safety: which is calculated by (operation time without incidence or accidents per month ÷ 
total operation time per month) × 100. 
The weight of each element in this case is 0.25. Therefore, the product performance value (Z) 
= [(0.25 × utilization) + (0.25 × maintenance) + (0.25 × quality) + (0.25 × safety)]. 
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3) Process performance (Y): 
The process performance in this industrial case is a combination of: 
 Instruction and procedure: [(number of procedure usage per month – number of 
procedure failure per month) ÷ (number of procedure usage per month)] × 100 
 Scheduling: which is scheduling precision. 
 Drawing: [(number of drawing usage per month – number of drawing failure per 
month) ÷ (number of drawing usage per month)] × 100 
 Training: which training objective achievement. This is calculated by (achieved 
objectives ÷ total training objectives) × 100. 
 Data recording: which is the percentage of (total recorded data ÷ total generated data) 
× 100. 
The weight of each element in this case is 0.2. Therefore, the product performance value (Z) 
= [(0.2 × procedure) + (0.2 × scheduling) + (0.2 × drawing) + (0.2 × data recording)]. 
Table 6-2 in the appendix: presents 63 observations.   
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Independent validation: 
The validation aims to test if the observed performance values from the 3PE theory really reflect the 
real outcomes of the manufacturing system. The recorded result was compared against the result of 
the same period recorded by quality performance measures (QPM) technique.  
QPM = rejected part per million PPM points + volume value points (%) + inspection reports (IR) 
points + non-conforming parts  (NCP) points. 
Note: that bigger QPM number means lower performance indication. The figure below shows how 
each of these points are calculated. 
Rejected Parts Per Million (PPM): is the number of rejected parts divided by those delivered then 
multiplied by million.  
Table 6-2: Rejected Parts Per Million (PPM) 
PPM Points 
0-100 0 
101-500 5 
501-2000 10 
2001-5000 15 
5001 and above 20 
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Volume Value: is a percentage of the value of non-conforming parts divided by the full delivered parts 
value.  
Table 6-3: Volume Value 
Volume value (%) Points 
Less than 0.01 0 
Equal or more than 0.01 and less than 0.16 5 
Equal or more than 0.16 and less than 0.41 10 
Equal or more than 0.41 and less than 1.01 15 
Equal or more than 1.01 20 
 
 
Inspection reports (IR): is the number of inspection reports written or raised by the customer in case 
of rejection.  
Table 6-4: Inspection reports (IR) 
IR Points 
1 0 
2 5 
3-4 10 
5-8 20 
9-12 30 
13 and above 40 
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Non-conforming Parts (NCP): is the number of non-conforming parts received by the customer.  
Table 6-5: Non-conforming Parts (NCP) 
NCP Points 
0 0 
1 to 5 5 
6 to 25 10 
26 to 250 15 
251 and above 20 
 
To ease the calculation process, the recorded QPM data were entered to an excel spreadsheet as 
shown in Figure 6.
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Figure 6-12: Snap shoot of the excel spreadsheet used to calculate the QPM result 
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QPM score is calculated on monthly basis. Therefore the average monthly 3PE performance result 
was recorded against the QPM result for that month as shown in the Table 6-6. 
Table 6-6: QPM score is calculated in monthly bases 
Month QPM 
Monthly average 3PE performance 
(=∑P / 21 ) 
1 40 88.4 
2 30 91.7 
3 35 90.01 
 
As shown from Table 6-6 where QPM number is higher as compared to lower 3PE performance 
score. This indicates that the 3PE method is valid.  
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7 Generalisation of case materials 
7.1 General lessons learnt about support system.  
Complex systems clearly constitute more technical and management challenges than simple systems. 
In that sense, complex systems require stronger and more insightful thinking patterns to analyse the 
complexity in order to be successful. Systems tend to become more complex with each new version, 
despite the occasional effort to simplify them to improve operational efficiency. The fact is that asset 
stakeholders normally like to add increasing capability into an engineering assets and that makes the 
asset more complex and harder to support.  Systems become more complex and the demands for better 
solutions in both technical and management domains increase. The support system should satisfy the 
following features of complex engineering asset to be able to achieve high operating rate:  
1) Size: System complexity tends to increase with asset size. For example: as more processing 
units are added to the refinery, customarily the operation complexity increases.  
2) Functionality: where more demands require new functions. 
3) Parallel and serial operation: this can be indicated in two main forms: 
a. System complexity increases as the demand for more parallel operations rather than 
purely serial operations increases. The demand for parallel operations is a result of 
market consumption of produced product (in this case deferent types of petrochemical 
products). Where the supply of this product should be continuous in most cases rather 
than periodic batches supply of each product. Compared with serial operations, doing 
tasks in parallel implies more bandwidth and more detached operational components. 
b. From the strategic point of view, production operation of the asset should correspond 
to the expansion operation of the asset harmonically. This combination aims to 
improve the capability of the asset to meet future demand. Figure 7-1 shows a 
conceptual view of parallel operation between production and expansion.  
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Figure 7-1: A conceptual view of parallel operation between production and expansion 
4) Modes of Operation: complex engineering asset usually have a number of modes of operation 
that a system can support. For example the operation model for RFCC Unit in the refinery is 
defferent to the HGU unit or SHP unit. This aspect of system design can also be thought of as 
being connected directly to the functionality of the system. 
5) Real-Time Operations: A system that is required to respond in real time is generally more 
complex than a system with no real time response. For example the refinery which has real 
time response operation is more complicated than the factory in the second case study 
mentioned earlier.  
6) High Performance: when high performance is mandated from system, naturally the system 
contains substantial complexity in order to meet and control of this high performance 
expectation. For example when high performance is demanded in the factory case many 
elements (i.e: PPAP, FMEA, .., etc.) are picked up by the system in order to ensure the 
delivery of high performance. This increase in number of system components eventually 
increases the complexity of the system.   
7) Different Types of Interfaces: The type of interface is also important with respect to 
complexity. The more interfaces the system has, more skills and requirements are needed. For 
example in the refinery case the system contains a lot of interfaces (mechanical, electrical, 
electronics, ..,etc).  
Run the 
Business
Improve 
the 
Business 
Build new 
capability 
Production 
operation 
Expansion 
operation 
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If thermal, environmental, data structure, and protocol interface requirements are added, the 
system becomes even more complex. Figure 7-2 give an example of how multi-interfaces 
system looks like.  
 
Figure 7-2: An example of multi-interfaces system 
8) Integration: level of integration is a complex matter that requires a deep analysis of the 
particulars in the situation (i.e., there is no simple answer that works for all types of systems). 
However, it is possible to apply a common system outline to collectively direct the elemental 
behavior towards common practice which makes the integration process a lot easier as per 
ORPIC case mentioned earlier in chapter 5.  
9) People – process – product: interaction element of system complexity has been included to 
emphasize the role of the human being in building, managing, operating, and maintaining 
complex systems. Human error is one of the main reasons for building a more complex 
system. On the other hand, complex systems are more susceptible to failure than are simple 
ones. Therefore, it should be balanced between level of system complexity and rate of failure 
120 
 
associated with it. It is important to keep in mind the acceptable level and effects of human 
error.  
7.2 Views of value against performance 
The first fact revealed by the case study is that there is a difference in views between the asset owner 
(operator) and the contractor (support provider) of how the performance should be rewarded. The 
asset owner / operator would like to keep the biggest portion of the rewarded value to the higher end 
of the performance, in order to encourage the support provider to produce the highest performance 
level to avoid losses and increase profit.  
Also, the asset owner always attempts to place heavy penalties for underperforming results which 
minimise the weight of higher than expectation performance bonuses. The asset owner in some cases 
reflects the bonuses that increase the chance to renew the contract for the service provider. In the case 
of multiple contractors the asset owner offers more share of the work to the service provider as the 
bonus. Figure 7-3 below explains this view. 
 
Figure 7-3: The operator perception of value against performance 
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On the other hand, the support provider will be keen to get better score on the performance curve in 
order to minimise the chance of losses. Likewise, the service provider will target minimum possible 
penalties for underperformance with continual increase for higher than expectation performance. 
Figure 7-4 below explains this view.  
 
Figure 7-4: The support provider perception of value against performance 
The contract is usually an agreement to be found between the two views and this indicates the 
complication of such agreement. Therefore, both parties require a common analysis platform. This 
platform should give a transparent detailed methodology to first analyse the risk of the system (for 
example failure mode in this case) and reasonable scoring for the performance. 
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The combination of both views indicates the area of negotiation of agreement, as shown in figure 7-
5.  
 
Figure 7-5: Combining operator and support provider perceptions of value against performance 
Where in both views: 
 V = f {P} 
 V is the vector of values perceived by the support receiver. 
 P is the vector of parameters of the performance scoring by the support provider. 
 In the PBSS contract the value of “V” can be plotted against value of “P”.  
 The mathematical relationship could be presented as: 
 
 
V f (.) =   
 
 
Support receiver view  
Support provider view  
Negotiation   
 Mathematical Relation, expected performance (EP) < P 
 V=P ,   p = expected performance (EP) 
   Mathematical Relation, minimum tolerable performance (TP) ≤ P 
< expected Performance (EP) 
 Mathematical Relation, contract termination (CT) < P ≤ minimum 
tolerable performance (TP) 
 Mathematical Relation, maximum compensation (C) ≤ P ≤ 
contract termination (CT) 
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A closer analysis of the perceptions shown in figure 7-5 shows that both parties will need to have 
better understanding of the performance to develop more accurate evaluation. In order to avoid taking 
excusive financial risk and scare away the other party leading to loss of contract, the optimum 
agreement will be somewhere in the purple colored area.  
Verification of the details of optimum performance agreement will give the ability for both support 
provider and receiver to set a value of performance. Then the range of acceptable value for each 
element (people, product, process) is known by how much each element should contribute to the 
agreed performance. Figure 7-6 illustrates this relationship. 
 
Figure 7-6: people, product and process contribution to overall system performance 
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7.3 Performance scoring and calculating method 
The following equation can be used to calculate the value of a support system as proven from the 
Tieco case in Chapter 6.  
P = αX + βY + ɣZ                     [1] 
 
Figure 7-7: value output is based on performance 
Where:  
 P is the Combined Achieved Performance 
 People (X), Process (Y) and Product (Z).  
 α, β and ɣ are the weights or the factors and in some cases is the value of the element in the 
system which extracted from the interface and interaction evaluation. 
 1 =  α + β + ɣ 
 X, Y and Z are the performance scored based on the KPI’s calculated. 
 xn, yn and zn are the KPI score for that element. 
 wn is the contrition weight of that element or the KPI score.  
 1 = w1 + w2 + wn-1 +wn 
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8 Discussion 
The research work explored the operation support system from a range of perspectives through 
interviewing managers from across the refinery and automotive organizations. The factors 
contributing to the complexity of a support system are described in the context presented as a 
theoretical modelling framework; which clusters the contributing factors into several key areas. It has 
been shown that system support engineering generic architecture can be used as analytical tool for 
managing and designing support system(s).  
Using the support system architecture, an organisation can maintain the sustainability and 
measurement of its performance through quantified design measures and setting of the right KPI for 
each element in the system. The KPI’s focus in each level will be as following: 
 In the enterprise level: the KPI evaluation will be about satisfaction of the stakeholders. In this 
case the stakeholders could be government, customers, board of directors, investors, etc. All 
stakeholders will look at the results from a strategic point of view from their own perspectives 
and critique evaluation points. For example, the government will be looking at the economic 
contribution, alignment with legislations, environmental standards and so on. On the other 
hand the customer will look at it from the point of pricing, product availability and delivery, 
support, etc. In addition, each stockholder will have its own vision and mission for future 
development. The system support engineering framework will give a unified structure and 
allocation of resources for each activity to support the evaluation process by considering all 
these perspectives. This unified structure of support activities will capture the support needs 
and maximise satisfaction of the stakeholders. Also, the model framework can be a useful tool 
for designing the activities targeting the support requirements and therefore, sustaining the 
performance evaluation.  
 In the management level: the KPI’s in this level is aiming to evaluate the outputs of day to day 
activities and broader processes measured by desired outcomes. This will enable directors’ 
team at the enterprise level to systematically evaluate the performance of the enterprise. This 
will help to map the performance effect of each element to the surrounding as well and give 
more options for systemically developed solutions. The difference between the KPI’s in the 
management level and the process level is that in the management level the KPIs indicate a 
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process output but in the process level the focus is to evaluate the input effect of an activity to 
the output.  
 In the process level: in this level the KPI’s are designed to measure the performance which is 
combination of the element input and its result in the output. This could be challenging in the 
way to define how to quantify the measure and ratio. The system support framework could 
guide to the setting of level of influence of both input and output to the designated 
performance. This will be through knowing the consequence(s) of input and output variations 
in the surrounding or connected elements.  
The filed visits highlighted that designed system support could: 
 Help the organisation to evaluate the interaction and contribution of all elements in the system 
at all levels. The interaction provides a means of measuring the performance. If an 
improvement is needed, the support system can identify the type of improvement is required, 
at which level and how critical it is. Therefore the organisation could prepare short and long 
term solutions if required while maintaining the cost of sustaining the performance. 
 Help the organisation to evaluate its product or service delivery. As the outputs of the 
organisation is known from the planning stage the organisation can see whether the promises 
have been delivered or not and if the designed system is preforming as expected. In case of 
negative feedback or unsatisfactory results, the organisation can easily point out the 
underperforming element and react to effective and fast response possible with minimum cost. 
Also, the organization can minimise the risk of getting penalties and losing contracts, thereby 
implying the need for major redesign or new system and a process of learning or training. This 
relates to efficiency. 
 Help the organisation to evaluate its planning and the contracts, and clear up any changes 
based on the systemic structure if needed. 
The system support engineering model could empower the application and implementation of industry 
practical modern strategies systemically, through clearly indicated type, the level of details, 
interaction elements and the operational environment. The literature and field visits showed that 
modern industry generally intend to follow three main strategies:  
1) Most organisations are trying to hire highly skilled, trained and experienced employees who 
have the ability to respond to the pressure of change and keep up with dynamics of the system 
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and in some cases uncertainty. The organization is able to use the available information to deal 
with what the day could eventuate. This requires that the employee should clearly understand 
how the system works, interacts and directs information flow and format.  
2) Many organisations tend to deepen the cooperation to the extent of partnership in some cases 
with its main stakeholder especially customers and suppliers. This basically aims to increase 
the focus and operation especially that of the organisation which could positively reflect on 
the quality of the performance. Moreover, the organization can cut or minimise cost by 
introducing saving measures on some activities. Strategically the organization should get 
continual feedback and suggestions form the key stakeholders and keep the gates open for 
extra business opportunities. This requires a clear understanding of interaction and 
communication roots, methods and format. Also it requires clear identification of each party’s 
obligations, responsibilities and expectations in case of an extraordinary event.  
3) As a result of the mentioned strategies, modern industries tend more and more adopting holistic 
systemic approach to support high performance and reduce the uncertainties.  
The benefit of the system support engineering model in relation to performance measurements are: 
a) The performance elements in the system are independently measurable. 
b) The measures are meaningful to people who use them by capturing a dimension of their 
performance in a way that they can understand. 
c) The measures are continually evaluated in reference to the organisation short and long term 
goals. 
d) The measurement method will depend on the measured element where the most suitable and 
accurate method will be performed on the element and then later on all the results will be 
collected to have overall system performance analysis in order to measure the system overall 
performance. This process may sound very lengthy but its effective and the process will 
become faster as the practice continued and the information start to cumulate. 
In a case of contracting, the purpose of planning and system support framework is to identify and 
undertake relationship with each element. Inevitably, the planning process begins by identifying 
customer requirements and the operation environment. Then, by simultaneously considering the 
requirements changes over time and contribution potential of customers and suppliers. The main 
challenges are: 
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 Ongoing dynamic changes on the requirements of the stakeholders and the operation 
environment. 
 Continuance increase of competition level and technology changes. 
 The change of the practical support system requirements with all these changes plus the 
maintenance of the current assets (product, process and people) in all levels. 
The result of planning is the explicit and implicit contracts that the company negotiates with its 
customers and suppliers or any other parties involved in the service or product offerings. The contracts 
specify or imply what the organisation expects from each stake holder to help it achieve its primary 
objectives and what each stakeholder expects from the organisation in return for its cooperation. This 
will improve the servicing and supporting performance. 
8.1 Recommendations for future research 
The research project proposed a range of potential applications and strategic views of the architecture. 
There are potential for future research work in several areas as explained further in this chapter. 
8.1.1 Ability for better statistical analysis 
There are many fascinating application of statistical analysis published in the academic field 
(Johansen, 1988, Anderson, 2011, Aronson, 2011, Wenger and Olden, 2012, Nechval et al., 2011). A 
statistical software package can provide a fairly easy and quick way to explore data, test algorithms 
and evaluate models. There are many statistical software packages are available to process data 
(Wang, 2009, Razali et al., 2012).   
It has been reviewed that regression methods continue to be an area of active research (Cohen et al., 
2011, Healey, 2011, Lam et al., 2010, Vlachokostas et al., 2011, Zhang and Goh, 2013). The general 
purpose of regression analysis is to study the relation between dependent variable(s) and independent 
variable(s) (Freund et al., 2006, Naghshpour, 2012, Montgomery et al., 2012). It provides a statistical 
technique for investigating and modelling the relationship between variables. Regression analysis is 
widely used to analyse multifactor data by building an equation that relates the response (variable of 
interest) to a set of predictor or independent variables (Chatterjee and Hadi, 2006, Al-Ghandoor et al., 
2007).  It was learned from the case studies that the implementation of the proposed 3PE model can 
take longer period of time. Enough information is acquired to enable mentioned statistical analysis to 
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define the response variable and the important factors (predictor variables) that might be relevant to 
explain the response’s behaviour.  
A statistical analysis could use system performance as the response variable and relates it to several 
predictive variables. regression parameters or a linear combination of the parameters by considering 
a set of linear restrictions on the model (Ajmani, 2009) . The performance of regression analysis 
methods in practice depends on the form of the data generating process, and how it relates to the 
regression approach being used.  
A statistical study could use the general approach that is based on multivariate linear regression 
analysis to analyse and identify the different factors that affect system support performance. There are 
classical assumptions for regression analysis to be considered. These assumptions could be 
summarized as following (Pardoe, 2012): 
 The sample is representative of the population for the inference prediction. 
 The error is a random variable with a mean of zero conditional on the explanatory variables. 
 The independent variables are measured with no error. 
 The predictors are linearly independent. 
To sum up, there are major potentials for detailed statistical study which further facilitates building 
theories on the outcomes of this research project.  
8.1.2  Information exchange and management 
The information exchange system needs further investigation from the IT point of view, where the 
investigation will concentrate on the technical requirements on the development of the logic gate and 
the automatic information system software which controls and filters the flow of information. This 
further investigation will highlight how the current enterprise software applications could fully adapt 
system support model. 
This further investigation should also focus on improving the documentation of the detailed process 
and efficient building of knowledge database. 
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8.1.3 Performance 
There are potentials for future research work presented in several areas of micro performance study. 
1) The accuracy of the satisfaction level as performance indicator for the enterprise level needs 
further investigation to identify factors affecting this accuracy, and how the relation between 
satisfaction level and performance is improved and optimized. 
2) The input effect of an activity in the output of a task in the process level and its combination 
as performance indicator should be studied additionally in order to get higher accuracy in a 
fair and justifiable weight distribution.  
3) The performance indicators (KPI’s) need further investigation to improve the details and 
accuracy of measurement of the developed procedures and these KPI’s are integrated to the 
ERP system. 
8.1.4 Elements interaction  
The detail interaction between elements should be investigated further. The investigation aims to 
explore in details the nature of these interactions and how they are affected by the environment. 
Moreover, the environment effect needs to be clearly defined.  
8.2 Summary of future research  
In summary the research lays the ground for future researches for but not limited to:  
 System performance forecasting.  
 Elemental interface interaction and performance effects.  
 Operational environment interface and performance effects.  
 Elemental discrete and cooperative performance optimization.  
 Holistic system performance optimization.  
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9 Conclusion 
This thesis discusses the development and structure of the system support engineering (SSE) 
architecture. Based on the SSE architecture, this thesis provides a detail modeling approach to estimate 
the performance. The research suggests that this could be a useful tool and techniques that 
practitioners in the industry can apply to help them in service design of operating assets in order to 
maintain optimised performance. The difference in developing this technique with traditional service 
theories is that it has been inducted from the industry and allows for interpolation from professionals 
in the system to describe their professional understanding and thinking. Therefore, it becomes easier 
to be implemented and used by the practitioners.  This could be the main advantage over many 
preceding research works in this area. 
This thesis discusses generic architecture development and explains how it can be applied in providing 
a systematic modeling approach for system support engineering. The finding from the literature 
review, industrial visits and a case study has answered the research question by the conclusion: “yes 
it is possible to have a generic architecture for system support engineering”. The author reach this 
conclusion based on a framework consists of 3 elements in a business environment. 
In addition, the factors contributing to complexity of a support system are described in the context 
presented as a theory. It has been proposed that system support engineering generic architecture may 
be used as a tool for developing, analyzing and managing support system design procedure In which 
an approach to evaluate the performance of an asset management system has beendiscussed with an 
attempt to deduce a structure to evaluate the performance of an asset management system.  
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9.1 Main contributions  
The major contribution of this thesis is the proposal of a fundamental construct of system support 
engineering, which consists of three elements (product, process and people) interacting within a 
business environment. Using these elements, it is then possible to build the system support engineering 
generic architecture that adopts a multi‐level modelling approach. Theoretically, the generic 
architecture can be used to construct many levels of complexity but for practical applications as shown 
in the case studies, a support system in three levels: enterprise, management and execution can be 
designed to represent complex engineering systems such as refinery and automotive parts 
manufacturing adequately. As a practical outcome of the theoretical study, the requirements in the 
SSE generic architecture are clearly identified: 
 As it is found from literature review that understanding a situation in which a technique or 
approach can be used is critical to success for the design of a TO-BE support system. 
Therefore, in the proposed generic architecture the communication among different parts of 
the system has taken most of the main design effort. 
 The proposed generic architecture in this thesis enables industrial practitioners to more 
effectively engage in considering the role of the system elements, the nature of system 
requirements, and the influence of the environment on the process of support system 
requirements elicitation. The intention is to sharpen the debate while arming practitioners with 
some new language and challenge to traditional thinking about the knowledge elicitation 
process in support system design. This SSE generic architecture provides all necessary 
information needed to move forward by: 
o Knowing the business problems and needs. 
o Examining how the support system satisfaction can be maintained and / or increased. 
o Understanding how the existing systems operate and adapt to new support 
requirements. 
This thesis elaborates that SSE generic architecture highlighted characteristics of a support system in 
both dimensions: technical and management. These vectors in the SSE Architecture are representing 
two fundamental sets of process. The first is the engineering process required to understand, predict 
and optimize the functions and behavior of a support system. The second is a management process 
involved in defining the goals and objectives to be pursued and efficient allocation of resources to 
achieve these goals and objectives by knowing how elements might interact and perform individually 
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or collectively. As part of the research in this thesis, this generic architecture was applied to real case 
scenarios where it has been proven to be a successful tool for strategy transformation. The case studies 
have shown that the SSE generic architecture contains foundation behaviors vector and clearly 
identifies relation among its elements. 
The methodology developed in this research was exploited later in this thesis in a higher level simple 
mathematical formulation, so that it will make it easier for the practitioners to score and to 
troubleshoot the performance problems. The flexibility of the SSE generic architecture allows the 
lower layers of the mathematical structure to vary according to specific case requirements. 
This thesis also contributes to the implementation of the SSE generic architecture by outlining the 
details and information required to measure the performance through all the levels within an 
organization. This leads to capture the strategic decisions, inventions and engineering trade‐offs by: 
 Include the task steps, techniques, and work products needed to support the identification, 
evaluation, and selection of reused support system components. 
 SSE generic architecture is based on ontology of related engineering concepts and 
terminology. The elements of the ontology should be well-defined and mutually consistent, 
capturing not only the definitions of the terms but also the important relationships between the 
underlying concepts. This standard glossary should be applied consistently across the project, 
organization, and design teams. 
 SSE generic architecture provides sufficient tasks, steps, and techniques to properly produce 
the support system design and provides sufficient architectural representations. 
The above is part of the outcomes of the case studies. 
SSE generic architecture develops multiple views, whereby each such view is an abstraction of a 
single structure of a support system consisting of one or more related models of that structure. Also 
develops appropriate architectural focus areas, whereby each focus area is the cohesive set of 
decisions, inventions, engineering trade-offs, and assumptions related to a specific concern (such as 
interoperability, reliability, safety,…etc.). The support System engineering generic architecture 
enables the production of a support system by including: 
o The Performing work units (tasks and techniques) 
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o Producing and maintaining all appropriate work products, including all appropriate models 
and documents. 
SSE generic architecture has a standardized form where possible in support of clarity and ease of use. 
This means that all activities associated with various phases of the effort at the level of elements in 
the system breakdown structure clearly identified. The underlying structure of a support system design 
must be clearly understandable and repeatable, their constituent method components. Therefore, the 
SSE generic architecture: 
 Supports the use of independent assessments to evaluate the correctness and quality of the 
system. 
 Supports the impact analysis of proposed changes to a support system requirements, 
architecture, and design. 
SSE generic architecture perspective encompasses all technical aspects of a support system in multi- 
layers and usually includes subsystems, component, and item specifications. Therefore, this proposed 
generic architecture allows freedom to the support system engineers to carry out their role, which is 
to develop the best solution without preconceived ideas. SSE generic architecture assists in the 
derivation of the next layer of requirements, and tends to consider possible solutions, even at a high 
level. As a result, technical and commercial issues that are linkable from the maintenance and 
development (expansion) point of view. Requirements traceability relationships are usually many-to-
many, where one lower-level requirement may be linked to several higher-level ones and vice versa. 
The SSE generic architecture simply implements clear tracing of requirements by link requirements 
statements in one layer with statements in another. 
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12 Appendix  
Table 6-1: presents 63 observations 
Observations X Y Z αX + βY + ɣZ =P 
1 93.77128 90.08633 92.60734 92.26807 
2 85.9319 89.83527 90.99233 89.43796 
3 83.32446 89.74886 91.37988 88.95827 
4 77.09296 89.9503 92.04084 87.78123 
5 85.43896 86.77148 91.3264 88.71581 
6 77.94982 93.14054 91.14677 88.34598 
7 84.69022 90.10477 91.82553 89.61152 
8 86.83613 90.89013 95.17747 91.0203 
9 83.27108 90.96596 91.46275 89.29063 
10 85.7357 95.01725 91.83161 91.10404 
11 83.57952 94.40434 91.37146 90.18169 
12 83.76876 87.67041 92.67952 89.19955 
13 82.60895 92.69264 92.98024 90.31552 
14 77.99139 90.90347 97.05274 87.75008 
15 90.96494 87.49013 90.30988 89.76871 
152 
 
16 84.60651 93.34924 91.97436 90.47612 
17 86.36959 94.69942 95.47074 93.00262 
18 87.1479 91.76128 92.77198 91.11329 
19 90.83358 91.05651 89.37911 90.16208 
20 88.60222 91.92894 90.72036 90.49297 
21 87.09082 91.42209 92.67433 90.96539 
22 92.19445 91.47046 97.53358 94.68302 
23 83.71347 91.4377 91.45266 89.51412 
24 87.43339 95.80322 91.84215 91.73023 
25 86.4984 90.01802 91.72298 89.99059 
26 88.7679 91.53718 93.73236 91.94245 
27 80.14289 94.35302 98.63096 92.93946 
28 85.69018 91.00146 94.35986 91.35284 
29 89.51931 90.34139 93.60453 91.76744 
30 81.60384 94.69522 90.77245 89.46099 
31 74.56685 92.40504 92.16721 87.82658 
32 82.36517 94.15063 93.45731 90.85761 
33 84.53963 93.15069 91.68042 90.26279 
153 
 
34 89.49963 90.8572 90.45662 90.31752 
35 90.25996 94.67672 93.26522 92.86678 
36 83.98002 91.37584 92.31504 89.99648 
37 86.33174 93.05624 90.46018 90.07708 
38 76.31005 90.73928 91.68525 87.60496 
39 86.47803 92.7858 93.03951 91.33571 
40 83.52648 88.90036 93.03847 89.62595 
41 84.22137 94.22691 92.19511 90.70963 
42 88.42912 93.67035 91.611 91.33037 
43 77.74287 90.01763 98.21904 91.04964 
44 85.94082 96.01589 89.18446 90.08141 
45 86.1823 90.28073 93.45181 90.84167 
46 83.54452 93.82219 93.11748 90.90042 
47 79.99429 94.26284 90.05991 88.59423 
48 77.13004 93.30902 91.1014 88.16046 
49 79.97459 92.69808 92.51589 89.42612 
50 84.06065 92.33603 90.1143 89.15632 
51 86.82406 97.27255 92.23723 92.14277 
154 
 
52 87.7833 95.27051 92.72279 90.12485 
53 82.5728 94.17714 93.25462 90.81479 
54 82.0869 95.59829 92.71818 90.78039 
55 80.89335 95.58372 92.19106 90.2148 
56 81.33623 93.87703 92.47578 90.04121 
57 89.25738 94.46977 92.27308 92.06833 
58 91.97392 92.08154 88.21277 90.12025 
59 84.27103 95.36011 89.12666 89.47111 
60 83.38528 92.29895 91.71597 89.77904 
61 84.50967 90.29957 93.89508 90.64985 
62 85.36262 89.79312 89.82535 91.70161 
63 78.82963 90.97511 91.42294 88.16265 
 
